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I, the undersigned, being an officer duly authorised in accordance with Section74(l) and (4) of 
the Deregulation and Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the international 
application ffled on 12 November 2002 under the Patent Cooperation Treaty at the UK Receiving 
Office, The application was allocated the number PCT/GB2002/0051 12, 

In accordance with the Patents (Companies Re-registration) Rules 1 982, if a company named in 
this certificate and any acconq)anying documents has re-registered under the Corq)anies Act 1980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or the inclusion as, the last part of the name of the words "public limited 
con5)any" or their equivalents in Welsh, references to the name of the conqjany in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 

In accordance with the rules, the words "pubhc limited conqjany" may be replaced by p.l.c, pic. 



P.L.Q or PLC. 
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lon^anies Act does not constitute a new legal entity but merely 
tain additional con^any law rules. 



Dated 17 November 2003 
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REQUEST 



The imdersigiied requests that the present 

mtemationai application be processed 
according to the Patent Cooperation Treaty. 



« For receiving Office use only 



International Application No. 



-P CT/GB 2002 / Q Q 5 1 12 



12 liOM£®t?i 



''<S£. 



IntemgtiQnal Filing Pate 



Name of receiving QjSSce aad 'TCT InteiRatipgal Application" 



Applicant's or agent's file reference xAtKinAir^KA no r-i/^-r 
(tf desired) (12 clutracters maximum) WN/WCM 93.PCT 



Box No. I TXTLE OF INVENTION 

Gro\Arth Hormone Variations in Humans and their Uses 



BaxNo.n APPLICANT 



I I This person is also inventor 



Name and address: (Family name followed by given name; for a legal entity, full official designatioTL 
The address must include postal code and name of coimtry. The country of the address indicated in this 
Box is tJteapplicant 's State (that is, country) of residence if no State of residence is indicated below.) 

University of Wales College of Medicine 
Heath Park 
Cardiff CF14 4XN 
United Kingdom 



State (that is, country) of nationality: 

United Kingdom 



Telephone No. 



FacsunileNo. 



Teleprinter No. 



Applicant' sregistrationNo. withtiie Of&ce 



State (that is, coimtry) of residence: 

United Kingdom 



This person is applicant 
fortbepmposes of: 



j j aU designated 



States 



all designated States excejot 
the United States of America 



□ the United States I | the States indicated in 
of Amenca only | j &e Suppl^iental Box 



Box No. m FURTHER APPIJCANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (F amily name followed by given name; for a legal entity, full official designatio>h 
The address must include postal code and name of country. The country of the address indicated in this 
Boxistheapplicant's State (tJiai is, country) qfresidence^noStateofresidenceisindicatedbelow.) 

COOPER, David Neil 
Department of Medical Genetics 
University of Wales College of Medicine 
Heath Park-,- Cardiff. GF14 4XN 
United Kingdom 



This person is: 

I I ^plicantonly 

|y I applicant and inventor 

□ inventor only (If this check-box 
is marked, do not fill in below.) 



Applicant's registrationNo . with, the 0£&ce 



State (that is, country) of nationality: 

United Kingdom 


State (that is, country) of residence: 

United Kingdom 


This person is applicant | | all designated | 1 all designated 

for the purposes at ' 1 1 States 1 I the United St{ 


States except fjFl the United States 
Ltes of Ainenca LLiJ of America only 


1 1 the States indicated in 
1 1 the Siq>plemental Box 


|X| FuTth^ applicants and/or (fiirther) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf ny] aeent 
of the ^plicant(s) before the coinypetent International Authorities asc 1^ 1 ^ 


1 — I common . 
1 1 representative 



Name and address: (Family namefbllowedlnf given name/for a l^alejjtity,full official designation. 
The address must include postal code and name of country.) 

NEWELL, William Joseph 
Wynne-Jones Laine & James 
Morgan-Arcade Chambers 
33 St Mary Street, Cardiff, CF10 1AF 
United Kingdom 



Telephone No. 

01242 515807 



Facsimile No. 

01242 224183 



Teleprinter No. 



Agent's registmtionNo. withthe O jOace 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent 



FonnPCr/RO/lOl (first sheet) (March 2001; rqsrint July 2002) 



See Notes to the request form 



Sheet No. 
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. - ->CTBSfeAjmEjeA^ rr(S) aito/or (i»iyA <^ mfea <) inv e ntorc^ 

^^fnone of the following sub-boxes is used, this sheet should not be included in the request. 



Name and address: 



£oxisthecppUcant*sState(thatis, country) ofresidence^mStateqfresidenceisindicatedhelow.) 

PROCTER Anne Marie 
Department of Medical Genetics 
University of Wales College of Medicine 
Heath Park, Cardiff, CF14 4XN 
United Kingdom 


J 1 applicant only 

\X \ applicant and inventor 

1 1 mventar only (If this chech-box 
i 1 is marked, do not fiU in below.) 


Applicant'sregistrationNo. withthe Office 


state (ihtst is, country) of nationaHty: State (that is, country) of residence: 

United Kingdom United Kinqdom 


This person IS applicant i 1 all designated | 1 an designated States except fjri 

for the purposes of: I | States | j the United States of Amenca IX 1 


Ehe United States | 1 the States indicated in 

of America only | | the Supplemental Box 



This person is: 



— - ' ~ ~T ; *j — (y^x^KCf* riLunti, jurui&gai emity,juu Official aesigrumoru 

I/te address must mclude postal code and name of country. The country of the address indicated in this 
Baxtstfieqfplicant s State (Oiat is, country) qfresidence^ru> State of resi&^ 

GREGORY, John 
Department of Medical Genetics 
University of Wales College of Medicine 
Heath Park, Cardiff, CF14 4XN 
United Kingdom 



state (tliat is, country) of nationality: 

United Kingdom 



This person is applicant 
for the purposes of: 



This person is: 

I I ^plicantonly 

IX I applicant and inventor 

□ inventor only (ff' this check-box 
is marked, do iwtfill in below,) 



Applicant* s registration No. with the Office 



□ all designated 
States 



State (that is, country) of residence: 

United Kingdom 



□ all designated States except 
the United States of Amenca 



the United States 
of Am^ca only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Farmlynamefonowedbygfvenname;foralegaler2tity,fdloJ^ 
JJieaddress must mcludepostal code and name of country. The country of the address indicated in this 
Moxistheapplicant s State (ihatis, coimtry) ofresidenceifno Stateof residence is indicatedhelaw.) 

MILI-AR, David Stuart 
Department of Medical Genetics 
University of Wales College of Medicine 
Heath-Park, Cardiff, eF14 4XN- 
United Kingdome 



State (that is, coimtry) of nationality: 

United Kingdom 



This person is applicant 
for the puzposes of: 



This person is: 

I I applicant only 

IXl applicant and inventor 

□ inventor only (ff' this check-box 
is Tnarked, do not fill in below,) 



Applicant's registrationNo. with the Office 



State (ihatis, country) of residence: 

United Kingdom 



□ all designated 
States 



□ all designated States except VZr\ the United States 
the United States of America l/» I of America only 



j I flie States indicate in 



the Supplemental Box 



Name and address. (Famdynamefolhy/i^bygheiinanie; for a legal entity, full offi^^ 
meadO-ess must mcludepostal code andname ^country. The country of the address indicat&iin this 
liaxistheqf^licant s State(ihatis, country) ofresidence^no State of residenceisindicatedbdow) 



State (that is, country) of nationality: 



This person is applicant i i aU designated j 1 aU designated States except i 1 the United States I 1 the States indicated in 

forthepuiposesof: LJ States 1_J the UnSd States of Amefica Q S Africa on^ □ Si S^^(SenMBox 



This person is: 
I I applicant only ; 

I I applicant and inventor 

□ inventor only fff tins check-box 
is marked, d& not fill in below,) 



Applicant's registrationNo. withflie Office 



State (that is, country) of residence: 



□ 

Further applicants and/or (further) inventors are indicated on another 



continuation sheet 
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See Notes to ike request form 
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- Box No. V DESIGNATION OF STATES .A^g7fafe«^^a r rft// ^J, ^/ : >-A^ fu> .^arkerf 



[le following designadons are hereby made under Rule 4.9(a): 
Regional Patent 



EQ AP AMPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan, 
SL Sierra Leone, SZ Swaziland, TZ United Republic of Tanzania, tJG Uganda, ZM Zambia, ZW Zimbabwe, and any other 
State which is a Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatment desired, 
specif on dotted line) 

K EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BYBelanis, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian" 
Patent Convention and of the PCT 

iS EP European Patent: AT Austria, BE Belgiuni,BG Bulgaria, CK& LI Switzerland and Liechtenstein, CYC^ 

Republic, DE Germany, DKBenmark, EE Estonia, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, 
EE Ireland, IT Italy, LU Luxembourg, MC Monaco, NL Netherlands, PT Portugal, SE Sweden, SK Slovakia, TR Turkey, and 
any other State which is a Contracting State of the European Patrait Convention and of the PCT 

IS OA OAPI Patent: BF Burkina Faso, B J Benin, CF Central AMcan RepubHc, CG Congo, CT C6te d'lvoire, CM Cam^^^ 
GA Gabon, GN Guinea, GQ Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, 
TD Chad, TG Togo, and any other State which is a member State of OAPI and a Contracting State of the PCT (pother kind 
of protection or ti-eatment desired, specify on dotted line) - 



National Patent other kind of protection or treatment desired, specify on dotted line): 

IS AE United Arab Emirates [& GMGambia NZ NewZealand. 

B AG Antigua and Barbuda KI HR Croatia IS OMOman 

AL Albania . . . : S HD Hungary IS PH Philippines . . . 



Indonesia 

Israel 

India 

Iceland 
Japan . 



81 PL Poland 

IS PT Portugal 

IS RO Romania 

IS RU Russian Federation . 



H AIM Armenia IS ID 

IS AT Austria IS IL 

18 ATI Australia ; B IN 

83 AZ AzCTbaijan IS IS 

KI BA Bosnia and Herzegovina SjP^ 

IS BB Barbados K KE Kenya 81 SD Sudan 

H BG Bulgaria IS KG Kyrgyzstan IS SE Sweden 

IS BR Brazil BO KP Danocratic People's Republic K) SG Singapore 

ED BY Belarus of Korea ® SI Slovenia 

KI BZ Belize Bl KR Repubhc of Korea IB SK Slovakia 

B CA Canada 18 KZ Kazakhstan IS SL Sierra Leone 

SI CH:& LI Switzerland and Liechtenstein IS LC Saint Lucia ^ TJ Tajikistan 

H CN China DH LK Sri Lanka H TM Turkmenistan 

IS CO Colombia H LR Liberia IS TN Tunisia 

•81 -CR Costa Rica KI LS Lesotho IS TR Turkey , 

81 CU Cuba. , H LT Lithuania 81 TT Trinidad and Tobago 

81 CZ Czech Republic KI LU Luxembourg 

B DE Germany fifl LV Utvia IS TZ United Repubhc of Tanzania 

KI DK Denmark ^ MAMorocco 18 UA Ukraine 

KI DM Dominica IS MD Republic of Moldova IS UG Uganda 

KI DZ Algeria |S US United States of America . . . 

KI EC Ecuador {S MG Madagascar 

S9 EE Estonia *. . KI MKThe former Yugoslav RepubKc of KI UZ Uzbekistan 

KI ES Spain . . Macedonia KI VN Viet Nam 

KI FT Finland KI MN Mongolia KI YD Yugoslavia 

81 GB UnitedKingdom IS MWMalawi 81 ZA South Afiica 

KI Ga) Grenada IS MXMexico 81 ZM Zambia 

g GE Georgia IS MZ Mozambique 81 ZW Zimbabwe 

81 GH Caana 81 NO Norway 

Check-boxes below reserved for designating States which have become party to the PCT after issuance of this sheet: 
KI . yQ.Sjy'Pcent & Grenadine □ . . . , □ 

KI . sc.3eyqh?ij?? \\\\ □ 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.905) all 
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being 
excluded from.the scope of this statement The applicant declares that those additional designations are subject to confirmation and that 
any designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded as withdrawn by the 
applicant at the expiration of that time limit (Coi^irmcaionCmdtidingfees)mustreach^ere^ 
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See Notes to the request form 
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Supplemental Box j/tne c>i^plememai jsax is notused, this sheet should nd i mctudSdiH the r&que&t: 



J. J^inanyoftheJBoxes, except Boxes Nos. VUIfi) to (v)forwhich 

i^WTmhalWieinformation: in sudt case, write "Continuation 
cfBax No.,,, " (indicate the number of the Box) andfitmish the 
u^brmation in the same manner as required according to the 
actions of the Box in which the space was insufficient, in 
particular: 

(i) ifmoreUian two persons are to be indicated as applicants 
and/or inventors and no "continuation sheet*' is available: in 
such case, write "Continuation ofBoxNo. M** and indicate for 
eadiadd&donalperson ihesame type ofhrfomiation as required 
in BoxNo. lH. The country of the address indicated in this Box 
is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below; 

(U) in Box No, II or in any of the sub-boxes of Box No. HI, the 
indication 'the States indicated in the Supplemental Box** is 
checked: in such case, write "Continuation of Box No, W* or 
"Continuation ofBoxNo. IE** or "Continuation of Boxes No. H 
ofjd No. HI" (as the case may be), indicate the name of the 
<^licant(s) involved and, next to (each) such name, theState(s) 
(and/or, where cpplicable, ARIPO, Eurasian, European or 
OAPI patent) for die purposes of which the named person is 
applicoait; 

(lit) if in Box No, Uorin any of the sub-boxes of Box No. m, the 
inventor or die inventor/applicant is not inventor for the 
purposes of all designated States or for the purposes of Hie 
United States of America: insuchcase, write "Conti?mationof 
Box No. II"or "Continuation ofBoxNo, EI'* or "Continuation 
of Boxes No, Hand No, HI" (as the case may be), indicate the 
name of the inventor(s) and, next to (each) such name, 
theState(s) (and/or, where applicable, AJRIPO, Eurasian, 
European or OAPI patent) for the purposes of which the 
named person is inventor; 

fiv) if, in addition to theagent(s) indicated in Box No, IV, there are 
further agents: in such case, write "Continuation of 
Box No. IV" and indicate for each further agent die same type 
of information as required in Box No. IV; - 

(v) if inBoxNo, V, thenameof any State (or OAPI) is accompanied . 
by the indication "patent of addition, " or "certificate of 
addidon, "or if in Box No, V, the name of the United States of 
America is accon^xmied by an indication "continuation " or 
"condnuadon^-part": in such case, write "Continuation df 
Box No, V" and die name of each State involved (or OAPI), 
and cfierdfienameofeach such State (or OAPI), the number of 
^parent title or parent implication and the date of grant of 
die parent title or filing of the parent explication; 

(vi) if, in Box No. VI, there are more than five earlier appUcaUons 
whose priority is claimed: in such case, write "Continuation 
of Box No, VI" and indicate for each additional earlier 
application the same type of information as required 
inBoxNo, VI. 

If, with regard to the precautionary destgttation statement 
contained in Box No, V, die applicant wi^es to exclude any 
Staie(s)fi'om the scope of diat statement: in such case, write 
"Designation(s) excluded from precautionary designation 
statement" and indicate the name or two-letter code of each 
State,so excluded 



DUNLOP, Brian Kenneth Charles 
i choei J eiffi-Gv\yRf>e — 



HALSTEAD. Richard Ralph 
FYLES. Julie l\4arie 
RATCLIFFE. Susan Margaret 

all of 

WYNNE-JONES LAINE '& JAMES 

Morgan Arcade Chambers 

33 St Mary Street 

Cardiff 

CF10 1AF 

United Kingdom 
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See Notes to the request form 



PCT/GB 2002 / 0 0 5 1 1 2 



Sheet Ko. 



le piiority of liie following earlier £qf)plication(s) is hereby claimed: 



JEilipg-flatft- 



of earlier application 
(ic^/monthfyear) 

itemO) 

12 Nov 2001 
12.11.01 



itemp) 

14 Nov 2001 
14.11,01 

item (3) 



Number 



of earlier application 



0127214.5 



0127328.3 



JWhere earlier applic atioii is: 



national application: 
comitry or Member 
o f WTO 



GB 



GB 



regional application:* 
regional Office 



international application: 
receiving Office 



item (4) 



item (5) 



I I Furtb^ piioxity clainos are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the Intemational Bureau a certified copy of the earlier application(s) (only 
if the earlier application was filed with the Office which for the purposes of this intemational application is the receiving Office) idenlified 
above as: 

H all items □ item(l) • □ item (2) □ item (3) □ item (4) □ item (5) □ g^^U^entalBox 

* Where the earlier explication is an ARIPO application, im^cate at least one country party to Hie Paris Convention for the Protection of 
Industrial Property or one Member of the World Thide Organization for which that earlier explication was filed (Rule 4J0(b)(ii)): .... 



Box No, Vn INTERNATIONAL SEAROEONG AXJTHOIOTY 



Choice of International Searching Authority (ISA) (ff" two or more Intemational Searching Authorities are cojrpetent to carry out Hie 
intemational search, indicate the Authority chosen; the two-letter code may be usec^: 

ISA/; : 

Request to use results of earlier search; reference to that search (tf an earlier search has been carried out by or requested from the 
International Searching Authority): 

Date (dayfynonih/year) Number Country (or regnal Office) 



BoxNcVm DECLARATIONS 



The following declarations are contained in Boxes Nos. Vm (i) to (v) (mark the applicable Number of 

check-boxes below and indicate in the right column the number of each type of declaration)\ declarations 

[ BoxNo. Vin(i) Declaration as to the identity of the invCT.tor : 

I Box No. Vni (ii) Declaration as to the applicant's entitlement, as at the intemational filing ' 

date, to apply for and be granted a patent : 

1 Box No. vm (iii) Declaration as to the applicant's entitlement, as at the intemational filing 
date, to claim tiie priority of the earlier application 

I Box No. vm (iv) Declaration of inventorship (only fijr the purposes of the designation of the 

United States of America) : 

I BoxNo. vm (v) ' Declaration as to non-prejudicial disclosures or exceptions to lack of novelty : 
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No. 



^ST; LANGUAGE Qg mjB^O- 



iHtemalioiial ^plicatioii contains: 

(a) the following number of 

sheets in paper form: 



request (Inchiding 
dedaralion sheets) 

descxiption (exduding 
sequence listing part) 

claims 

abstract 

drawings 

Sub-total number of sheets 
sequence listing part of 
description (actual Tnonber 
of sheets if filed in paper 
form, whe&ier or not also 
filed in computer readable 
form; see (b) below) 

Total number of sheets 



45 
5 
1 

10 



67 



67 



(b) sequence listing part of description filed in 
computer readable form 

CO □ only (under Section 801(a)(i)) 

(ii) □ in addition to being fUled in paper 
fomi (under Section 801 (a)(ii)) 

Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on which the 
sequence listing part is contained (additional 
copies to be indicated under item 9(ii), in 
r^ht colunai): 



Figiire of the dra^ndngs which 
should accoinpany the abstract 



1 



This international application is accompanied by the following Number 
item(s) 6nark the applicable check-boxes below and indicate in of items 

right column the number of each item): 



1. □ fee calculation sheet 

2. □ original separate power of attorney 

3. □ original general power of attorney 

4. 03 copy of general power of attorney; reference number, 

if any: 

5. □ statement explaining lack of signature 

6. □ priority document(s) identified in Box No. VI as 

item(s): 

7. Q translation of international application into . 



8. □ separate indications concerning deposited mi€aY}organism 

or other biological material : 

9. □ sequence listing in computer readable form (indicate also type 

and number of carriers (diskette, CD-ROM, CD-R or other )) 

(i) □ copy submitted for the purposes of international search 

under Rule \3ter only (and not as part of the 
international application) 

(ii) □ (only where check-box (b)(i) or (b)(ii) is marked in left 

column) additional copies includmg, where applicable, 
the copy for the purposes of inten^tional search under 
Rule 13*er : 
(in) □ together with relevant statement as to the identity 
of the copy or copies with the sequence listing part 
mentioned in left column : 

10. othea: (specify): Form 23/77. (x2) : 



Language of filing of the 
international application: English 



Bos Na X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each dgnature, indicate the name of the person signing and the ccpadty in which the person signs (f suck ccpadty is not obvious from reacSng the request). 




I For receiving OfEce use only < 



SS^^aSaol*'^"^ .12 NOVEMBER 2^ I2.ii.02, 



3 . Corrected date of actual receipt due to later but 
timely received papers or drawings conq)leting 
the pmported intemational application: 



4. Date of timely receipt of the required 
corrections under PCT Article 11(2); 



5. Intemational Searching Authority 

(if two or more are competent): ISA / 



6, I — I Transmittal of search copy delayed 
I I until search fee is paid 



.2. Drawings: 
I vf ^ceived: 

I I not received: 



Date of receipt of the record copy 
by the Intemational Bureau: 



For Inteinational Bureau use only , 



Form PCT/RO/101 0ast sheet) (March 2001; reprint July 2002) 
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WCM93J>CT.doc 1 

Growth Hnrmnnp Variatjons i n TTnTnanc and their Uses 

The present invention relates to naturaUy-occurring growth honnone mutations; to a 
method for detecting them and their use in screening patients for growth hormone 
irregularities or for producing variant proteins suitable for treating such irregularities. 



5 



10 



15 



20 



25 



30 



That human stature was influenced by inherited factors was understood more than a 
century ago. Although famihal short stature, with its normaUy recessive mode of 
inheritance, was recognised as early as 1912, it was a further quarter century before 
such famiUes came to be properly documented in the scientific Hterature. The 
recognition that recessively inherited short stature was commonly associated with 
isolated growth honnone (GH) deficiency only came in 1966. 

Short stature associated with GH deficiency has been estimated to occur with an 
incidence of betWeen 1/4000 and 1/10000 live births. Most of these cases are both 
sporadic and idiopathic, but between 5 and 30% have an affected first-degree relative 
consistent witii a genetic aetiology for the condition. Confinnation of the genetic 
aetiology of GH deficiency came- from the molecular genetic analysis of familial short 
stature and the early demonstration of mutational lesions in the pituitaiy-expressed 
growth hormone (GHI) genes of affected individuals. Familial short stature may also 
be caused by mutation in a-number of other genes {egPOUlFl, PROPl and GHRHR) . 
and it is important to distinguish these different forms of the condition. 

Growth hormone (GH) is a multifunctional hormone that promotes post-natal growth of 
skeletal and soft tissues through a variety of effects. Controversy remains as to the 
relative contribution of direct and indirect actions of GH. On one hand, tixe direct 
effects of GH have been demonstrated in a variety of tissues and organs, and GH 
receptors have been documented in a number of ceU types. On the other hand, a 
substantial amount of data indicates that a major portion of the effects of GH Ire 
mediated through the actions of GH-dependent insulin-Hke growth factor I (IGF-I). 
IGF-1 is produced in many tissues, primarily the Hver. and acts through its own receptor 
to enhance the proliferation and maturation of many tissues, including bone, cartilage, 
and skeletal muscle. In addition to promoting growth of tissues, GH has also beet^ 



{ WCM93J»CT.doc 



2 



0 shown to exert a variety of other biological effects, including lactogenic, diabetogenic, 
Hpolytic and protein anabolic effects, as weU as sodium and water retention. 

Adequate amounts of GH are needed throughout childhood to maintain normal growth. 
5 Newborns with GH deficiency are usually of normal length and weight. Some may 
have a micropenis or fasting hypoglycemia in conjunction with low Imear postnatal 
growth, which becomes progressively retarded with age. hi those with isolated growth 
hormone deficiency (IGHD), skeletal maturation is usually delayed in association with 
their height retardation. Truncal obesity, facial appearance younger than expected for 
10 their chronological age and delayed secondary dentition are often present Skin changes 
similar to those seen in premature ageing may be seen m affected adults. 



15 



FamiUal IGHD comprises several different disorders with characteristic modes of 
inheritance. Those forms of IGHD known to be associated with defects at the GHl 
gene locus are shown m Table 1 together with the different types of underlying lesion so 
far detected. 



Table 1: 



Oassification of inherited disorders involving the GHl gene 



Disorder 


Mode of 
inheritance 


Types of gene lesion 
responsible 


GH 

protein 


Deficiency state 


IGHDIA 


Autosomal 
recessive 


Gross deletions, 
micro-deletions, 
nonsense mutations 


Absent 


Severe slioft stature. 
Anti-GH antibodies often 
produced upon GH 
treatment, resulting in 
poor response thereto. 


IGHD IB 


Autosomal 
recessive 


Splice site mutations 


Deficient 


Short stature. Patients 
usually respond well to 
exogenous GH. 


IGHDH 


Autosomal 
dominant 


Splice site and 
intronic mutations, 
missense mutations | 


Deficient 


Short stature. Patients 
usually respond well to 
exogenous GH. 



r WCM93JPCr.doc 3 

The characterisation of these lesions has helped to provide ejcplanations for the 
differences in clinical severity, mode of inheritance and propensity to antibody 
formation in response to exogenously administered GH, between these forms of IGHD. 
Most cases are sporadic and are assumed to arise from cerebral insults or defects that 
5 include cerebral oedema, chromosomal anomalies, histiocytosis, infections, radiation, 
septo-optic dysplasia, trauma, or tumours affecting the hypothalamus or pituitary. 
Magnetic resonance inaaging examinations detect hypothalamic or pituitary anomahes 
in about 12% of patients who have IGHD. 



10 Although short stature, delayed 'height velocity* or growth velocity, and delayed skeletal 
maturation are all seen with GH deficiency, none of these is specific for this disorder, 
other systemic diseases may result in such symptoms. Throughout this specification, 
'height velocity* and growth velocity are both to be construed as meaning the rate of 
change of the subject's or patienf s height, such as is measured in centimeti^s per year. 

15 

Stimulation tests to demonstrate GH deficiency use L-Dopa, insulin-induced 
hypoglycaemia, arginine, insulin-arginine, clonidine, glucagon or propranolol. 
Inadequate GH pe^ responses (usually <7-10 ng/mL) differ from test to test. Testing 
for concomitant deficiencies of LH, FSH, TSH and ACTH should be performed to 
20 detennine the extent of pituitary dysfunction and to plan optimal treatinent. 

Recombinant-derived GH is available worldwide and is administered by subcutaneous 
injection. To obtain an optimal outcome, children with IGHD are usually started on 
replacement therapy as soon as tiieir diagnosis is established. The initial dosage of 
25 recombinant GH is based on body weight or surface area, but the exact amount used and 
the frequency of administration may vary between different protocols. The dosage 
increases with increasing body weight to a maximum during puberty. Thereafter, GH 
treatinent should be temporarily discontinued while the individual's GH secretory 
edacity is re-evaluated. Those with confirmed GH deficiency receive a lower dose of 
30 exogenous GH during adult life. 

Conditions that are treated witii GH include (i) those in which it has proven efficacy and 
(ii) a variety of ofliers in which its use has been reported but not accepted as standard 
practice. Disorders in which GH treatinent has proven efficacy include GH deficiency. 
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either isolated or in association with combined pituitary hormone deficiency (CPHD) 
aad Turner syndrome. The clinical responses of individuals with the first two disorders 
to GH replacement therapy varies depeudiag on: (i) the severity of the GH deficiency 
aad its adverse effects on growth, the age at which treatment is begun, weight at birth, 
5 current weigjit and dose of GH; and (n) recognition and response to treatment of 
associated deficiencies such as thyroid hormone deficiency; and (iii) whether treatment 
is complicated by the development of aati-GH antibodies. The outcome of treatment for 
iadividuals with Turner syndrome varies with the severity of their short stature, their 
chromosomal complement, and the age at which treatment was begun. 
10 ' , 

Additional disorders in which the use of GH has been reported .include treatment of 
certain skeletal dysplasias such as achondroplasia, Prader-Willi syndrome, growth 
suppression secondary to exogenous steroids or in association with chronic 
inflammatory diseases such as rheumatoid arthritis, in chronic renal failure, extreme 
15 idiopathic short stature, Russell-Silver syndrome, and intrauterine growth retardation. 

The characterisation of familial IGHD at the molecular genetic level is important for 
several reasons. The identity of the locus involved will indicate not only tiie likely 
severity of growth retardation but, more importantly, the appropriateness or otherwise of 
20 the various therapeutic regimens now available. Fiirther, detection of the underlying 
gene- lesions serves to confirm the genetic aetiology of the condition. It may also have 
prognostic value in predicting (i) the severity of growth retardation and (ii) the 
likelihood of anti-GH antibody formation subsequent to GH treatment, hi some 
instances, knowledge of the pathological lesion(s) can also help to explain an unusual 
25 mode of inheritance of the disorder and is therefore essential for the counselling of 
affected families. Finally, the characterisation of the mutational lesions responsible for 
cases of IGHD manifesting a dysfimctional (as opposed to a non-functional) GH 
molecule could yield new insigjits into GH stracture and function. 

30 At the cellular level, a single GH molecule binds two GH receptor molecules (GHR) 
causing them to dimerise. Dimerisation of the two GH-bound GHR molecules is 
believed to be necessary for signal transduction, which is associated with tiie tyrosine 
kinase JAK12. It has been suggested that the diverse effects of GH may be mediated by 
a single type of GHR molecule that can possess different cytoplasmic domains or 
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phosphoiylation sites in difiEerent tissues. When activated by JAK2, these differing 
cytoplasmic domains caa lead to distinct phosphorylation pathways, one for growth 
effects and others for various metabolic effects. 

GH is a 22 IcDa protein secreted by the somatotroph cells of the anterior pituitary. X-ray 
crystallographic studies have shown GH to comprise a core of two pairs of parallel 
alpha helices arranged in an up-up-down-down fashion. This structure is stabilised by 
two iatra-molecular disulphide linkages (Cys53-Cysl65 and Cysl82-Cys 189). Two 
growth hormone receptor (GHR) molecules bind to two structurally distinct sites on the 
GH molecule, a process which proceeds sequentially by GHR binding fibrst at site 1 and 
then at site 2. The binding of GHR to GH potentiates dimerisation of the GHR 
molecules. 

Scanning mutagenesis studies of the GH molecxile have yielded a picture of the binding 
interactions between GH and its receptor whilst site-directed mutagenesis has been used 
to probe the function of specific residues. Thus, substitution of Glyl20 (in the third 
alpha helix of human GH) by Arg results in the loss of GHR binding to site 2 thereby 
blocking GHR dimerisation. Similarly, residue Phe44 of the human GH protein is 
important for binding the prolactia receptor. Finally, residues Aspl 15, Glyl 19, Alal22 
and Leul23 have been shown to be critical for the growth enhancing potential of the 
• murine GH molecule. 

Interaction of the dimerised GHR with the intracellular tyrosine protein kinase JAK2 
leads to tyrosine phosphorylation of downstream signal transduction molecules, 
stimulation of mitogen-activated protein (MAP) kinases and induction of signal 
. transducers and activators of transcription (STAT proteins). In this way, GH is able to 
influence the expression of multiple genes through a number of different signalling 
pathways. 

Several different GH isoforms are generated from expression of the GHl gene {GHl 
reference sequence is shown in Figure 4). In 9% of GHl transcripts, exon 2 is spliced 
to an altemative acceptor splice site 45bp into exon 3, thereby deleting amino acid 
residues 32 to 46 and generating a 20 kDa isoform instead of the normal 22 kDa 
protein. This 20 kDa isoform appears to be capable of stimulating growth and 
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differentiation. The factora involved in detennining alternative acceptor splice site 
selection are not yet characterised but are clearly of a complex nature. A 17.5 kDa 
isofonn, resulting from the absence of codons 32 to 71 encoded by exon 3, has also 
been detected in trace amoimts in pituitary tumour tissue. Splicing products lacking 
5 either exons 3 and 4 or exons 2, 3 and 4 have been reported in pituitary tissue but these 
appear to encode inactive protein products. A 24 kDa glycosylated variant of GH has 
also been described. The amino acid sequence of the major 22 kDa isoform is presented 
in Figure 5, which shows the nucleotide sequence of the GHl gene coding region and 
amino acid sequence of the protein including the 26 amino acid leader peptide. Lateral 
10 numbers refer to amino acid residue ntunbering. Numbers in bold flanking vertical 
arrows specify the exon bbimdaries. The termination codon is marked with an asterisk. 

The gene encoding pituitary growth hormone {GHl) is located on chromosome 17q23 
within a cluster of five related genes (Figure 1). This 66.5 kb cluster has now been 
15 sequenced in its entirety [Chen et al Genomics 4 479-497 (1989) and see Figure 4], The 
other loci present in the growth hormone gene cluster .are two chorionic 
somatomammotropin genes {CSHl and CSH2\ a chorionic somatomammotropin 
pseudogene {CSHPI) and a growth hormone gene (GH2), These genes are separated by 
intergenic regions of 6 to 13 kb in length, he in the same transcriptional orientation, are 
piacentally expressed and are under the control of a downstream tissue-specific 
enhancer. The GH2 locus encodes a protein that differs firom the GH7-derived growth 
hormone at 13 amino acid residues. All five genes share a very similar stmcture with 
five exons intermpted at identical positions by short introns, 260bp, 209bp, 92bp and 
253bp in length in the case of GHl (Figure 2). 

Exon 1 of the GUI gene contains 60bp of 5' untranslated sequence (although an 
alternative transcriptional initiation site is present at -54), codons -26 to -24 and the first 
nucleotide of codon -23 corresponding to the start of the 26 amino acid leader sequence. 
Exon 2 encodes the rest of the leader peptide and the first 3 1 amino acids of mature GH. 
Exons 3-5 encode amino acids 32-71, 72-126 and 127-191, respectively. Exon 5 also 
encodes 112bp 3' untranslated sequence culminating in the polyadenylation site. An 
Alu repetitive sequence element is present lOObp 3' to the GHl polyadenylation site. 
Although the five related genes are highly homologous throughout their 5' flanking and 
coding regions, they diverge in their 3 ' flanking regions. 
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The GHl and GH2 genes differ with respect to their mRNA splicing patterns. As noted 
above, in 9% of GHl transcripts, exon 2 is spliced to an alternative acceptor splice site 
45bp into exon 3 to generate a 20 kDa isoform instead of the normal 22 kDa, The GHl 
gene is not alternatively spliced in this fashion. A third 17.5 kDa variant, which lacks 
the 40 andno acids encoded by exon 3 of GHl, has also been reported. 



The CSHl and CSH2 loci encode proteins of identical sequence and are 93% 
homologous to the GHl sequence at the DNA level. By comparison with the CSH gene 
10 sequences, the CSHPl pseudogene contains 25 nucleotide substitutions within its 
"exons" pltjs a G-»A transition in the obligate +1 position of the donor splice site of 
intron 2 that partially inactivates its expression. 

A number of biallelic restriction fragment length polymorphisms (RFLPs) have been 
15 reported within the GH gene region. Five of these (two BglR, two MspU one HincI) 
occur in Caucasians and Blacks whereas a further BamHL polymorphism occurs 
predominantly in Blacks. Strong linkage disequiHbrimn has been observed between 
these polymorphisms consistent with the relatively recent evolutionary origin of the 
gene cluster. The HincH. and BamHl polymorphisms occur immediately 5' to the GHl 
20 gene. An Rsal polymorphism occurs in the GHl promoter region resulting from an A/G 
diinbiphism at niicleo'tide -75 whilst a felafively frequent Sphl polymorphisiii'feinains 
to be fully characterised. A highly informative (83% hetero2ygosity) variable number 
repeat polymorphism has been located some 19kb 3' to the GHl gene; formatted for 
PGR, flie 18 distinct alleles of this polymorphism can be distinguished by fragment size 
25 (201 to 253bp). 

Finally, the GHl gene promoter/5 '-untranslated region has been found to exhibit a very 
high level of sequence polymorphism with 17 variant nucleotides within a 570 bp 
stretch (Table 2A): 
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Table 2A: KnoTm polymorphisms in the human GHl gene promoter/5' 
untranslated region [after Giordano et al Human Genetics 100 249-255 (1997) and 
Wagner ei al Eur. J. EndocrinoL 137 474-481]. (Figure 3). 



1 Nucleotide location 


Polymorphism (alternative nucleotides) 


-476 


G/A 


-364 


G/T 


-339 


AG 


-308 


T/G 


-301 


T/G 


-278 


T/G 


-272 to -276 


CCAGA/SMRRR 


-168 


T/C 


-75 


A/G 


-57 


G/T 


-31 


AG 


-6 


G/A 


-1 


T/A/C 


+3 


G/C 




A/G 


+26 


A/C 


+59 


T/G 



5 



The polymorphisms at positions -1, +3 and +59 are predicted to cause amino acid 
substitutions in the GHDTA protein, putatively encoded by this region of the GHl gene 
promoter (see below). Some of the sequence variants occur in the same positions in 
which the GHl gene differs from the other placentally-expressed genes suggesting that 
10 the mechanism mi^t be gene conversion and that the placental genes have served as 
donors of the converted sequences. 

In a study of prepubertal short children with GH insufSciency, Hasegawa et al [J. Clin. 
Endocrinol Metab 85 1290-1295 (2000)] reported an association between three 
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polymorphisms in the GHl gene [IVS4 C-^T 1 101, T/G -278 and T/G -57] and both 
GH secretion and height 

Since the first GHl gene deletions were reported, a variety of more subtle lesions have 
5 been described. In some cases, these lesions have been associated with unusual types 
of GH deficiency and are potentially important as a means of obtaining new insights 
into GH structure and fimctLon 



10 



15 



The gene encoding growth hoimone {GHl) was one of the first human genes to be 
cloned and the first gross gene deletions C6.7kb type) responsible for inherited growth 
hormone deficiency were soon detected by Southern blotting. All gross deletions 
involving the GHl gene result in severe (type IK) deficiency, characterised by the total 
absence of GH. About 70% of characterised deletions of the GHl gene are 6.7 kb in 
length, whilst most of the remainder are of 7.6 kb or 7.0 kb (Table 2B - Gross deletions 
involving the GHl gene, or in the vicinity of the GHl gene, that cause GH deficiency 
and short stature). 



Table 2B: 



Gross deletions involving or in the vicinity of the GHl gene 



I Deletion 


1 Loci involved 


Comments 


1 Post-treatment 


size (kb) 






antibodies 
piresent? 


6.7 


GHl 


Swiss family 


Yes 


6.7 


GHl 


Japanese femily 


Yes 


6.7 


GHl 


Argentinan family of 
Spanish ancestry. 
Homo2ygous. 


Yes 


6.7 1 


GHl 


Austrian family ; 


Yes 


1 


GHl 


Brazilian family 


Yes 


6.7 


GHl 


Patient with short stature 
and cystic fibrosis 


Yes 


6.7 


GHl 


Various 


No 


7.6 


GHl 


Iraqi, Yemeni and Iranian 
families 


No 
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\ 7.6 


GHl 


I Italian family. Homozygous. 
1 Consauguinous maitiage . 


Yes 


7.6 


GHl 


j Italian and Turkisli families 


Yes 


7.6 


GHl 


1 Spanish family 


No 


7.6 


GHl 


1 Various 


Yes 


7.0 


GHl 


1 Canadian family 


Yes 


7.0 


GHl 


1 Mexican family 


Yes 


7.0 


GHl 


1 Chinese fanaily. 
Homozygous 


no - No treatment 1 
with GH. 


45 


GHl. eSHPl. 
CSHl. GH2 


I Turkish family. 
Homozygous. 
Consauguinous marriage 


Yes 


45 


GHl, CSHPl. 
CSHl, GH2 


Italian family. Homozygous 


Yes 


45 


GHl. CSHPl. 
CSHl, GH2 


Italian family. Homozygous. 
Consanguinous marriage 


Yes 


45 


GHl, CSHPl. 
CSHl. GH2 


"Asian" femily 


No 


? 


CSHl. GH2. 
CSH2 


Italian femily. Heterozygous 


No 


? 


CSHl. GH2. 
CSH2 


Danish family. Compound 
heterozygous for non- 
identical deletions 


No 


Double 


(i) GHl (6.7kh) 

[ii) CSHl, GH2. 
CSH2 (~32kb) 


French origin (Romany). 
Homozygous. 
Consanguinous marriage. 


Yes 



In addition, several examples of mucli more iiifrequent deletions have been reported. In 
recent years, various attempts have been made to move away jfrom Southern blotting 
5 toward PCR-based approaches as a mutation screening tool. Homo2ygous GHl gene 
deletions have been fairly readily detected by PGR amplification of the GHl gene and 
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j^.- flanking regions followed by restriction enzyme digestion of the resulting PGR 
products. Although this approach has been used successfiiUy to exclude homozygosity 
for a GHI gene deletion in at-risk pregnancies, it is however unable to distinguish 
homozygosity for the wild-type gene from heterozygosity for a gene deletion. It would 
5 also fail to detect deletions other than the relatively short 6.7, 7.0 and 7.6kb deletions 
that remove only the GHI gene. 

PGR primers have been designed which immediately flank the GHI gene and which 
generate a 790bp fragment from control DNA samples. Absence of this fragment was 
10 held to be indicative of a GHI gene deletion but the use of "non-specific PGR 
fragments" as internal controls for PGR ampUfication must make the rehability of this 
method somewhat suspect 

As well as gross deletions, three micro-deletions of the GHI gene have been reported; 
15 two of these patients were also heterozygous for the 6.7 kb GHI gene deletion (Table 
3). 



Table 3: Micro-deletions in the GHI gene causing GH deficiency and short 
stature 



Deficiency 
type 


Deletion 

(Lower case letters denote the' deleted 
bases. ^ specifies the location of the 
numbered codon immediately 
downstream.) 


Codon 

(ISTumbering is 
relative to 
translational 
initiation codon 
ATGat-26.) 


Post- 
IfeaiSnent 
antibodies 
present? 


lA 


GCCTG^TCTGcCTGCCCTGGC 


-11 


Yes 


n 


CCCCAGGCGGggatgggggagacctgtaGTC 
AGAGCCC 


•Mtron 3 (del+28 
to +45) 


No 


lA 


TCTGT^TTCTCagAGTCTATTCC 


54 


No 



20 

Only seven different single base-pair substitutions have been reported from within the 
coding region of the GHI gene (Table 4). 
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Table 4: Single base-pair substitations in ihe GHl coding region causing GH 
deficiency and short stature 



Deficiency 

type 


N^ucleoUde 
substitution 


ATYIITin €kt*\t% 

substitution 


(numbering 
relative to 
translational 
initiation 
codon ATG 
at -26) 


J: Usl-ucaLiucm 

antibodies 
present? 


lA 


ACA-^GCA 


Thr-^Ala 


-24 


No 


lA 


TGG-^TAG 


Trp-)^Temi 


-7 


No 


lA 


GAG->TAG 


Glu->Tenn 


-4 


Yes 


H 


CGC-^TGC 


Arg->^Cys 


77 


No 


? 


CCC-»CTC 


Pro->Leu 


89 


No 


? 


GAC->GGC 


Asp-^Gly 


112 


No 


? 


CGC-^CAC 


Arg->His 


183 


No 



Two of these single base-pair substitutions are nonsense mutations converting amino 
- acid residues Trp-7 and Glu-4 in- the signaLpeptide to stop codons. These mutations -are 
the only known GHl gene lesions to cause type lA deficiency that are not gene 
deletions. Since these lesions predict termination of translation within the signal 
peptide, they wotild be incompatible with the production of a functional GH molecule. 
The other five single base-pair substitutions (including R->C at codon 77, disclosed in 
EPA 790 305 in relation to the treatment of gigantism) are missense mutations that 
result in the production of dysfunctional growth hormone molecules. Such naturally- 
occurring mutations are very much more informative than artificially-induced 
mutations, in that the former can, in principle, be related direcfly to the clinical 
phenotype ie the height of the patient in question. 

Single base-pair substitutions in the promoter region of possible pathological 
significance were first sought by sequencing the promoter region of the GHl gene 
(between -60 and +70 relative to the transcriptional initiation site) in three Chinese 
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patients with IGHD lA and 2 controls. Several differences were noted birt these were 
probable polymorphisms and were not characterised further. As mentioned above, the 
promoter region of the GHl gene has subsequently been shown to exhibit a very high 
level of sequence polymorphism with 17 variant nucleotides within a 570 bp stretch 
(Figure 3). However, these sequence variants were not found to be over-represented in 
patients as compared to controls. 

GHl promoter variation has also been separately investigated and a total of 22 variant 
polymorphic sites were detected, mostly single base-pair substitutions: 17 of these 
occurred in a 550 bp region 5' to the ATG initiation codon, three occurred around 
position -1075 5' to ATG, and two occurred withia intron 1 (IVSl) at positions 76 and 
219 respectively [Wagner et al, Eur J Endocrinol 137 474-81 (1997)]. AU except four of 
these variants were also noted in controls but these four variants were not considered to 
be the cause of the growth hormone deficiency. Only one of the variant sites occurred 
within a sequence homologous to a transcription factor binding site: the alternative 
presence of CCAGA and GAGAG sequences at -333 within a potential (but not proven) 
NF-1 binding site. 

Therefore, to date, no mutations of pathological significance have been reported in the 
GHl gene promoter. 

Single base-pair substitutions affecting mRNA spUcing have also been described in the 
GHl gene. Most are associated with a comparatively rare dominant form of GH 
deficiency (Table 5). 



WCM93.PCT.doc 14 



^ Table 5: Single base-pair substitutions affecting mRNA splicing and causing 
GEL deELdency and short stature 



DefidLency 
type 


NudLeotlde 

substitution/ 

position 


Splice site 


Ethno-geographic 
origin/zygosity 


n 


G-^A, +1 


IVS3 donor 


Sweden, North America, 
Norfhem Europe, South 
Africa, Chile/hetero2ygous 


n 


G-^C, +1 


IVS3 donor 


Turkish/ heterozygous 


n 


T-^C, +2 


rVS3 donor 


Russian/heterozygous 


n 


rZr ^ A 4_C 

W — 7-J\^ T^D 


iVoj uonor 


Chilean/ heterozygous 


n 


G-^C, +5 


IVS3 donor 


Japanese/ heterozygous . 


n 


T-^C, +6 


IVS3 donor 


Turkish/ heterozygous 
Asian/ hetero2ygous 


n 


G-^A, +28 


rVS3 donor 


?/heterozygous 


IB 


G-^C, +1 


IVS4 donor 


Saudi Arabian/ homozygous 


IB 


G-»T, +1 


IVS4 donor 


Saudi Arabian/ homozygous 


-IB 


G-T>C,+5 


IVS4 donor 


; 3edomn/ heterozygous 



The transversions in the intron 4 donor splice site have been shown by mRNA in vitro 
expression analysis of transfected ceUs to activate a cryptic splice site within exon 4, 
73bp 5' to the exon 4 donor splice site. This would predict the generation of an 
aberrantly spHced product lacking amino acids 103-126 encoded by exon 4 and, as a 
consequence of a shift in the reading frame, the incorporation of 94 novel amino acids 
including 29 resulting from read-through of the normaHy untranslated 3' non-coding 
region of the GffI gene. 



Since the region of the GH protein encoded by exons 4 and 5 is thought to be important 
for correct targeting of the protein to secretory granules, it has been predicted that this 
aberrant protein would not be secreted normally. However, no antibodies to exogenous 
GH have been noted in patients with type IB GH deficiency. The avoidance of immune 
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^ intolerance may thus indicate that at least some of the abeitant protein product could be 
secreted and that it could be partially stable in the circulation. The seven known spKcing 
mutations within IVS3 (Table 5) are associated with a type U deficiency state 
manifesting autosomal dominant inheritance through tiie affected femilies. 

5 

GH deficiency patients with truncating GHI mutations or homo2ygous gene deletions 
are at considerable risk of developing anti-GH antibodies upon GH treatment. By 
contrast, we are not aware of any reports describing allo-antibody formation in patients 
with either missense .mutations or single base-pair substitutions within splice sites. 

10 

Until now, no other correlations between mutant genotype and clinical phenotype have 
been reported. The requisite data in the published literature are sparse and very variable 
in quality, but we have attempted a crude meta-analysis as a means of gauging whether 
or not patients with gross gene deletions differ from patients with splice site mutations 

15 in terms of their clinical and phenotypic sequelae. The height of the patients with GHI 
deletions was found to be on average 7.3 SD below the age-adjusted mean (n=29), as 
compared with an average of 5.4 SD below the mean (n=17) for the patients with GHI 
splicing mutations. Alliiough bone age delay was greater and growth velocity lower in 
the deletion patients, such findings are very difficult to interpret since they may be 

20 subject to bias of ascertaioment. 

Since most cases of famiHal GH deficiency hitherto described are inherited as an 
autosomal recessive trait, some examples of the inherited deficient^ state are likely to 
have gone unrecognized owing to small femily size. Similarly, cases of GH deficiency 
25 resulting from de novo mutations of the GHJ gene could be classified as sporadic, and a 
genetic explanation for the disorder would neither be entertained nor sought Finally, 
depending upon the criteria used for defining the deficiency state, it may be that the full 
breadth of both the phenotypic and genotypic spectrum of GH deficiency may never 
have come to clinical attention. For these reasons, current estimates of the prevalence 
30 of GH deficiency could be inaccurate and may therefore seriously underestimate the 
true prevalence in the population. 

The definition of IGHD favoured by many combines (a) severe growth retardation, 
often - as maationed above - defined as <-4.5 SD ia height; (b) reduced GH response to 
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stimulation/provocation {ie a serum GH level of <4iig/ml); and (c) no oUier cause for 
growtli retardation. The strict adherence to formal definitions of what constitutes GH 
deficiency and the fairly uniform acceptance of these criteria, especially criterion (b), in 
selecting patients for study [Shalet SM et al Endocrine Rev 19 203-223 (1998)] would 
have served to ensure that the described GHl mutational spectrum was not only far 
firom complete but also unrepresentative of the wider mutational spectrum. 

We have proposed that moderating the criteria applied in selecting patients for study 
would be likely to lead to the inclusion of patients whose growth failure is a 
manifestation of a different portion of the GH deficiency spectrum, and which could 
therefore yield a novel set of underlying mutational lesions. Some of these novel 
lesions could give rise to stable, yet dysfunctional, GH molecules that would exhibit 
normal immunological reactivity but httle or no biological activity. On the basis of 
radio-inmiunoassay test results, dysfunctional GH molecules would have been 
15 erroneously regarded as normal. If such c^^sfunctional variants were to turn out to be 
common, then it would foUow that GH deficiency is being under-diagnosed as a result 
of our current dependence on radio-immunoassay-based GH "function tests". Further, it 
would demonstrate an urgent need for the development of a true functional diagnostic 
assay. 



10 



20 



We -have therefore investigated a variety of patient cohorts and surprisingly found new 
variants of GHl together with some corresponding GH protein variants encoded 
thereby. 



Accordingly, the present invention provides a variant of GHl, selected jfrom the group 
consisting of: 

(a) (i) 4480 C^T; 

(ii) +U6C-¥T; 

(iii) +1491 C -> G; 

(iv) -60 G-)- A; 

(v) -40 to -39 GG-^CT; 

(vi) -360 A G; and 

(vii) +748 A^G 
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1^ (where figures relate to GW nucleotide position number, counting firom TSS); 

(fa> a sequence substantially homologous to or that hybridises to sequence (a) under 
stringent conditions; 

(c) a sequence substantially homologous to or that hybridises to the sequences (a) 
5 or (b) but for degeneracy of the genetic code; and 

(d) . an oligonucleotide specific for any of the sequences (a), (b) or (c) above. 

By "substantially homologous" herein is meant that the nucleic acid sequence has at 
least 80% identity of its nucleotide bases with those of sequence (a), in matching 

10 positions in the sequence, provided that up to six bases may be omitted or added therein 
and finlher provided that the specified mutation is conserved. Preferably, the sequence 
has at least 90% homology and more preferred are sequences having at least 95% 
homology with the sequence (a). Such homologous sequences encode a proteia having 
substantially the same biological activity, including fimctional activity, as the 

15 corresponding ' proteins encoded by the nucleic acid sequence variations of the 
invention. 

Oligonucleotides "specific for" any of these nucleic acid sequences (a) to (c) above are 
useful for identifying and isolating the sequences of this invention, and comprise a 
20 imique sequence encoding a unique fi^agment of the amino acid sequence of the 
"corresponding peptide. 

Preferred variants according to (a) above are: 
(a) (i) +480C->T;and 
(ii) 4-446C -> T. 

In particular, the present invention provides a nucleic acid sequence as defined above, 
wherein the sequence is a DNA or RNA sequence, such as cDNA or mRNA. 

The present invention therefore also provides a transcript of a variant of GHl, such as a 
protein (hereinafter 'GH variant') comprising an amino acid sequence encoded by a 
variant of GHl, wherein the variant of GHl is one according to this invention. 



r 
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Accordingly, the present iavention provides a GH variant, with reference to hGH, 
selected jfrom: 

(i) Thr27Ile, eg being encoded by tiie variant of GH7(a)(i) as defined above 
(namely, +480 C T ); 

(ii) Argl6Cys, eg being encoded by the variant of GH'i(a)(ii) as defined above 
(namely, +446C -> T); 

(iii) Ilel79Met, being encoded by the variant of GZa7(a)(i) as defined above 
(namely, +1491 C -+ G); 

(iv) Thr27Ile, being eaicoded by the variant of GHI(si)(y) as defined above (namely, 
+480C->T);and 

(v) Asn47Asp, being encoded by the variant of GS7(a)(vi) as defined above 
(namely, +748 A -> G). 

Preferred variants of GHl above are: 
15 (i) Thr27Ile, eg bemg encoded by the variant of GS7(a)(i) as defined above 
(namely, +480 C ^ T ); 

(ii) Argl6Cys, eg being encoded by the variant of GH7(a)(ii) as defined above 
(namely, +446C T); and 

(iii) Ilel79Met, being encoded by the variant of Gffi(a)(i) as defined above 
20 (namely, +1491 C -+ G), 

Especially preferred variants of GHl above are: 

(i) Thr27Ile, eg being encoded by the variant of Gi37(a)(i) as defined above 
(namely, +480 C T ); and 
25 (ii) Argl6Cys, eg being encoded by the variant of Gff/(a)(ii) as defined above 
(namely, +446C -> T). 

The above-identified variants of GHl or protein encoded thereby can give rise to the 
following advantages: 

30 

1. Expansion of the known spectrum of GUI gene mutations by identification and 
characterisation of new lesions. 

2. Evaluation of the r61e of GHl gene mutations in the aetiology of short stature, 

3 . Identification of the mode of inheritance of novel GHl gene lesions. 
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4. Elucidation of the relationship between mutant genotype and clinical phenofype. 
This is deemed essential for the early detection and appropriate clinical management of 
GH deficiency. 

5. Evaluation of the effects of GRl mutations on the structure and function of the GH 
molecule. This is particularly important for the assessment of those children with a 
clinical phenotype at the milder end of the clinical spectrum of short stature. In this 
group of patients, dysfunctional GH may be produced that is immunologically active 
and therefore falls within the normal range in GH function tests. 

6. Development of rapid DNA diagnostic tests for inherited GH deficiency 

Therefore, the characterisation of further, naturally occurring GHl lesions promises to 
be of considerable importance to studies of GH structure, function and expression. 
Studies of novel coding sequence variants should increase our understanding not only of 
GH function, but also of the interactions between GH and its receptor (GHR), and the 
process of GHR-mediated signal transduction. Insights obtained could be relevant to 
the rational design of a new generation of therapeutic agents. Similarly, studies of 
naturally-occurring GHl lesions in the promoter region should provide new insights 
into the control of GHl gene expression. Thus it may be seen that a broad spectrum of 
mutational lesions will necessarily improve our understanding of the relationship 
between mutant genotype and cUnical phenotype in inherited forms of GH deficiency. 
Clearly, these studies are essential for the early dietecfion and apprdpriMe Clinical 
management of familial GH deficiency. 

Accordingly, the present invention provides a screening method for screening a patient 
suspected of having dysfunctional GH, which screening method comprises the steps of: 

(a) obtaining a test sample comprising a nucleotide sequence of the human GHl gene 
fiom the patient; and 

(b) comparing a region of the sequence obtained from the test sample with the 
corresponding region of a predetermined sequence characterised ia that the 
predetermined sequence is selected from a variant of GHl of the present invention. 

More specifically, the screening method of the invention is characterised ki that the 
predetermined sequence is an oligonucleotide having a nucleic acid sequence 
corresponding to a region of a variant GHl gene, which region incorporates at least one 
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variation selected jfrom those defined herein, wh&a compared with the corresponding 
region of the wild type sequence. 

Preferably, the test sample comprises genomic DNA, which may be extracted by 
5 conventional methods. 

Conveniently, the present invention provides a screening method for screening an 
individual suspected of GH dysfunction, which screening method comprises the steps 
of: 

10 (a) obtaining a test sample comprising a nucleotide sequence of the human GHI gene 
from an individual; and 

(b) comparing a region of the sequence obtained from the test sample with the 
corresponding region of a predetermined sequence 

wherein the predetermined sequence is selected from a GHI variant according to this 
15 invention. 

The predetermined sequence is preferably an ohgonucleotide having a nucleic acid 
sequence conresponding to a region of a variant GHI gene according to this invention, 
which region incorporates at least one variation when compared with the corresponding 
20 region of the wild type sequence. 

The first test sample or the test sample in the screening methods of this invention 
preferably comprises genomic DNA. 

25 In the screening method of the invention, the comparison step may be carried out in 
conventional manner, for example by sequencing the appropriate region of the GHI 
gene, particularly in the case where relatively few variants are to be detected/compared. 
Where relatively large numbers of variants are involved, DNA chip technology may be 
employed, such as wherem the chip is a miniature parallel analytical device that is used 

30 to screen simultaneously eitiher for multiple known mutations or for all possible 
mutations, by hybridisation of labelled sample DNA (cDNA or genomic DNA derived 
from the patient) to micro-arrays of mutation-specific oligonucleotide probes 
immobihsed on a soHd support [Southern, Trends Genet 12 110-115 (1996)]. 

I 
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The advantage of a DNA screening method according to the invention over current tests 
include: 

1. It involves, for the patient, only a single blood test that can be performed in a 
5 clinic. Hospital admission, prolonged medical supervision and repeated blood 
sampling would not be required as is the case for the majority of currently-available 
tests. There would therefore be a reduction in the expense incurred, the use of specialist 
time and the distress caused for each patient tested. 

10 2. Earlier diagnosis of functional GH deficiency ia patients would become possible. 
The ease with which the DNA screen can be performed would allow the clinician to 
consider such an investigation much earlier in the management of a patient than might 
otherwise be the case. Currently, owing to the problems inherent in tests for GH 
secretion, doctors will assess children in the out-patient clinic over a long period of 

15 time, sometimes several years, before they will subject a child to an 1ST. The early 
diagnosis of a genetic aetiology for GH deficiency would enable earlier treatment with 
GH thereby bringing forward the opportunity to treat patients appropriately by months, 
or even years in individuals with a less severe phenotype. 

20 3. More patients could be tested for GH dysfunction. The ease of the DNA test would 
allow the doctor to perform it as part of the initial assessment of all short patients at 
their first visit to the endocrine clinic. This is likely to reveal patients with lesions of the 
GHl gene that cause severe growth problenois and also those with milder lesions (e.g. 
missense mutations in the coding region). These patients may not previously have come 
to clinical attention because their clinical/phenotypic problems would not have been 
severe enough to warrant an 1ST, but they might nevertheless still benefit firom 
treatment with GH. 

4. Early identification of patients who will require hfe-long treatment with GH would 
be possible. These patients could be identified and treated appropriately without 
recourse to either initial testing or re-testing for GH secretion, or the use of a period 
without GH to assess their progress (a "trial without treatment"). 
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p 5. Easy and early identibScation of family members witti GH dysfunction would 
become available. Once the genetic lesion responsible for growth problems has been 
identified in an individual, it is relatively easy to assess other family members for the 
same genetic lesion aad to ascertain whether they would also gain benefit firom 

5 treatment with GH. 



6. Accuracy of diagnosis should increase. Tests for GH secretion axe notorious for 
their variability in terms of reproducibility of assay results, both within and between 
laboratories. DNA screening would make this problem a thing of the past In addition, 
10 GH secretion test results cau be very difficult to interpret in certain situations, for 
example, if the patient is also hypothyroid or has delayed puberty. DNA screening 
woidd remove this doubt and prevent delay in the initiation of GH treatment for those 
patients in whom its use would be beneficial. 

15 Accordingly, the present invention further provides a kit suitable for use in carrying out 
the screening metihod of the invention, which kit comprises: 

(a) an oligonucleotide having a nucleic acid sequence corresponding to a region of a 
variant GHl gene, which region incorporates at least one variation from the 

20 corresponding wild-type sequence selected from variations according to the present 
invention'; and 

(b) an oligonucleotide having a nucleic acid sequence corresponding to the wild-type 
sequence in the region specified in (a); and, optionally, 

(c) one or more reagents suitable for carrying out PGR for amplifying desired regions of 
the patient's DNA. 

Such reagents may include, for example, PGR primers corresponding to an exon of the 
GHl gene, and/or primers defined herein; and/or other reagents for use in PGR, such as 
Taq DNA polymerase. 

Preferably, the oligonucleotides in the kit comprise in the range of from 20 to 25 base- 
pairs, such as 20 base-pairs for the variant sequences and either 20 for the wild-type in 
the cas^. where the variant is a single base-pair substitution or 25 base-pairs where the 
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fj^ variant is a 5 base-pair deletion. In any case, the oligonucleotides must be selected so as 
to be unique for the region selected and not repeated elsewhere in the genome. 

Obviously, in the situation where it is desired to screen for multiple variations, such as 
5 in the range of from 15 to 20 or more, this would necessitate a kit comprising up to 40 
oKgonucleotides or more. In tlie alternative screening metho4 therefore, using DNA 
chip technology, the present invention provides a pluraUty of oHgonucleotides as 
defined in kit component (a) above immobilised on a solid support. 

10 Other nucleotide detection methods could be used, such as signal ampHfication methods 
being pioneered in nanotechnology (such as Q-Dots). Also, single molecule detection 
methods could be employed (such as STM). In which case, the kit according to this 
invention may comprise one or more reagents for use in such alternative methods. 

15 Alternatively, the screening method and corresponding kit according to this invention 
may be based on one or more so-caUed 'surrogate markers' that are indicative of or 
correlated to the presence of a variant of GHl or a GH variant such as proteins/amino 
acid sequences eg antibodies specific for a GH variant or a variant of GHJ. Such a 
"surrogate marker" may comprise: 

(a) any biomolecule (including, but not limited to, nucleotides, proteins, sugars, and 
■ Hpids);- 

(b) a chemical compound (including, but not limited to, drugs, metaboUtes tiiereof, and 
other chemical compoiinds); and/or 

(c) a physical characteristic, 

whose absence, presence, or quantity in an individual is measurable and correlated with 
the presence of a GH variant or a variant of GHl according to the present inventioiL 

Further, suitable, alternative screening rnethods according to this invention may further 
con^rise obtaining a test sample comprising a GH variant (ie a protein/peptide 
30 sequence comprising a variation of hGH, such as one encoded by a variant of GffJ of 
this invention) that is identifiable by conventional protein sequence methods (including 
mass spectroscopy, micro-array analysis, pyrosequencing, etc), and/or antibody-based 
metiiods of detection (eg ELIS A), and carrying out one or more such protein sequencing 
method(s). 



20 
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In which alternative cases, the kit according to this invention may comprise one or more 
reagents for nse in such alternative methods. 

5 GHl variants of this invention may have additional uses than as standards in a screening 
test for GH dysfunction. For example, variants other tban those where the variation is 
in the promoter region of tte Gffl gene may be used to treat a patient wherein GH 
production is over-stimulated, such as in cases of pituitary gigantism or acromegaly. 

1 0 The present invention further provides: 

(a) for the use of one or more of the GH variants or a variant of GHI which comprises 
two terminating mutations for the identification of individuals who do not produce any 
growth hormone at all and who would be classified as classical GHD by conventional 

15 diagnostic techniques; 

(b) a GH variant or a variant of GHI which leads to modified binding of GH to the 
growth hormone receptor or its binduag protein (ie the carrier for GH in vivo), insomuch 
as the transport of the variant GH fi-om the pituitary by bindiag to its binding protein is 
impaired or inhibited leading to destmction of the unbound protein en route to the tissue 

20 receptor; 

(c) - a- GH variant or a variant of GHI capable of disrupting the formation of the zinc 
dimer storage form of the GH protein in the pituitary; 

(d) a GH variant or a protein expressed by a variant of GHI. being a protein with 
antagonist properties to the GH receptor and whose receptor binding constant 

25 determines the amount of extraneous GH (dose) needed to treat a patient in order to 
overcome the potency and inhibitory action of the variant protein; ie the variant proteia 
competes with the wild type to bind to the receptor; 

(e) use of the GH variant or a variant of GHI according to flie invention for 
therapeutic, diagnostic or detection methods; 

30 (f) use of the GH variant or a variant of GHI according to the invention for the 
determination of siisceptibility to a disease ia an mdividual; 

(g) use of the GH variant or a variant of GHI according to the invention for the 
. detennination of susceptibiUty to. a disease, iacluding diabetes, obesity, infection, 
cancers or cardiac conditions; 
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(h) use of tiie GH variant or a variant of GHI according to the invention for 
determining GH binding defects and/or pituitary storage defects; 

(i) use of the GH variant or a variant of GUI according to the invention for the 
determination of the diagnostic dose of antagonist treatment in acromegaly; 

5 0) of the GH variant or a variant of GHI according to the invention for use in 
medical treatment; 

(k) use of the variant of GHI according to the invention for use in gene therapy; 
G) use of the GH variant or a variant of GHI according to the invention for 
determining one or more polymorphism(s) associated with a disease state; and 
10 (m) use of the GH variant or a variant of GHI according to the invention for the 
preparation of a therapeutic composition, diagnostics composition or kit, or detection 
kit for preventing, treating, diagnosing or detecting a condition associated with or 
caused by GH dysfunction in an individual. 

(n) an oligonucleotide of about 20 nucleotides in length having a nucleic acid sequence 
15 corresponding to a region of a variant GHI gene, which region incorporates at least one 
variation from the corresponding wild type sequence, said variation comprising one or 
more of those according to this invention; 

(o) an oligonucleotide comprising the complement of the oligonucleotide of (n); 
(p) an oligonucleotide of (n), wherein the nucleotide corresponding to the variation is 
20 located at the 3 ' end of tifaie molecule; 

(q) a single-stranded DNA probe that hybridizes to a variant GHI gene and not to a 
wild type GHI gene, wherein the variant GHI gene is selected from those according to 
this invention; 

(r) an array of nucleic acid molecules attached to a solid support, the array comprising 
a siagle stranded DNA probe according to (q); 

(s) a screening method for screening an individual suspected of GH dysfunction, which 
screening method comprises the steps of: 

(i) obtaining a test sample comprising a nucleotide sequence of the human GHI 
gene from the individual; and 

(ii) comparing the sequence of a region of the human GHI gene from the 
individual corresponding to a region of a variant GHI gene according to (n); 
(t) a method according to (s), whereia the comparing step iavolves hybridization with 
the predetermined sequence.; 
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(u) a method according to (s), wherein the comparing step comprises amplifying at least 
a portion of a nucleic acid encoding human GHl; 

(v) a method according to (s), wherein the comparing step comprises amplifying at least 
a portion of a nucleic acid encoding human GHl with one or more oligonucleotide(s) 
selected from those described herein; 

(w) an amplification oligonucleotide selected from those described herein; 
(x) a diagnostic kit comprising the required components for the determination of the 
identity of one or more variations (including substitutions, insertions or deletions with 
respect to the wild type) of an individual's Gil/ gene, as described herein, in particular a 
variation according to one or more of (n) to (q), above, and especially a diagnostic kit 
comprising an oligonucleotide for use in amplifying a segment of such a gene 
comprising a polymoiphic site; 

(y) an antibody specific for a variation as described herein from the reference hGH . 
sequence and which antibody is capable of distingidshdng between the variant and 
corresponding wild type amino acids at the indicated amino acid position; and 
(z) a diagnostic kit comprising an antibody according to (y). 

The present invention further provides a composition comprising a GH variant of this 
invention in association with a pharmaceutically acceptable carrier therefor. 

Furthermore, the invention provides: 

(a) a vector comprising a nucleic acid sequence according to the present invention; 

(b) a host cell comprising the vector (a), such as a bacterial host cell; and 

(c) a process for preparing a GH variant according to this invention, which process 
comprises: 

(i) culturing the host cell (b); and 

(ii) recovering from the culture medium the GH variant thereby produced. 

(d) a protein or amino acid sequence being in culture medium and encoded or 
expressed by a sequence, vector, or cell as defined above. 
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The present invention will now be illustrated with reference to the following Examples. 
Example 1 A - Patient Selection - UK Stndv 

Sources of Patients 

Children with short stature have been identified through referral to the Regional 
Paediatric Growth, Endocrine and Diabetes Service at the University of Wales College 
of Medicine in Cardiff and by collaboration with other similar UK centres (viz Newport, 
Birmingham, Bristol, Wrexham, Liverpool, Stoke-on-Trent, Portsmouth and 
Southampton). A full clinical history has been taken including family history, pedigree, 
documentation of growth parameters and previously-performed endocrine 
investigations. Accurate auxology was recorded wherever possible for the index case, 
parents and siblings. Blood samples for molecular genetic analysis were taken from the 
index case and appropriate close relatives. Further families were referred by Professor 
John A. Phillips m (Nashville, TN, USA), Dr Mohamad Maghnie (Pavia, Italy) and Dr 
Tamas Niederland (Gyor, Hungary). To date, samples from 83 GH-deficient families 
have been collected. Results relating to the first 70 patients are given in our co-pending 
patent specification no. PCT/ GBOl/2126. 

Criteria used 

Criteria* used for the selection of patients were: 

(i) Growth below lower limit of % target hei^t range, defined as a growth pattern 
[delineated by a series of height measurements; Brook CDG (Ed) Clinical Paediatric 
Endocrinology 3rd Ed, Chapter 9, pl41 (1995, Blackwell Science)] which, when 
plotted on a standard height chart [Tanner et al Arch Dis Child 45 755-762 (1970)], 
predicts an adult height for the individual which is outside the individual's estimated 
target adult height range, the estimate being based upon the heights of the individual's 
parents; 

(ii) • Heigjit velocity <25*^ centile [Tanner JM, Whitehouse RH Atlas of Children's 
Grovrth (1982, London: Academic Press)]; and Butier et al Ann Hxmi Biol 17 177-198 
(1990) are sources for statistics enabling a determination of this criterion, viz that the 
height velocity of the patient is less than the 25*^ centile for the patient's age]; - 
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(m) Bone age delay of at least 2, for example, 3.5-4 years when compared with 
chronological age, e.:c^^ in children of 5 or fewer years of age or in those with clinical 
evidence of pubertal development [The Tanner-Whitehouse scale for assessing years of 
bone age delay is described by Tanner JM. Whitehouse RH, Cameron N a/ in 
5 Assessment of Skeletal Maturity and Prediction of Adult Height (1983; London: 
Academic Press). Assessment of bone age delay in an individual is subject to a greater 
level of variation, when earned out more than once, the younger the individual, so, for 
example, multiple assessments of a child of age two may result in a bone age delay 
varying by +/- 6 months, but at age 3 might vary by +/- 4 months, and so on; 
10 (iv) All other investigations normal; and 

(v) Growth honnone secretion tests normal. 

Criteria (iv) and (v) may be summarised as "no identifiable pathology, other than the 
possibihty of a -GH axis defect that could account for the observed growth failure. 
Furthemiore, the key criterion for inclusion in this study was that the clinician 
assessing the child should have had sufficient concern with regard to the child's growth 
pattern to warrant GH secretion testing. The children selected exhibited a chnical 
phenotype that resulted in sufScient clinical concern to have warranted GH secretion 
testing, regardless of the type of test, the test results, or indeed whether Hie child 
attended for testing. 
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m Table 5B: *GH FT: peak: Signifies units (TU/L) of activity in one or more standard 
Growth Hormone Function Tests. 'Random' denotes GH measurement taken randomly 
ND denotes 'test not done'. The height centile is included to demonstrate that it is not 
an essential selection criterion to have a height substantiaUy below the 50*^ centile- we 
have found variations in GH/GHI that occur even in patients not having a substantially 
reduced height. 

Patients in italics produced samples exhibiting variations. Those also in bold exhibited 
novel variations. 
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Table 5B: Patients studied and results of criteria used 



j Patieal 
No. 


: Height Gentile 


GrTOWth 

Velocity 
Gentile (ii) 


Delay 
(years) (iii) 


vjTxi J? i . peaK 


7i 


0.4 


<25 




/ ? 1 


72 




<25 






73 




<25 







74 






<25 







75 


«0.4 


<25 


0.5 at 14 


^ k nf 1^* 1 

Nat 19 


75a 


0.4 


<25 


0 at 10.5 


18 3 


\76b 


<0.4 


<25 


latS 


164 


77 


-■ <0A 


<25 






78 j 


<0.4 


<25 






179 


<0.4 


<25 






80 


<0.4 


<25 







81 


<0.4 


<25 




' — 


82 


<0.4 


<25 







83 


<0.4 


<2J 




Random j 
normal j 


84 


<0.4 


<25 






85 


<0.4 


<25 






86 


<0.4 


<25 







Example IB - Patient S election - Andatucia Stndv 

A different patient cohort was estabhshed in Andalucia, Spain. Fifty patients were 
selected on the basis of their classification as FSS, ie exhibiting familial short stature, as 
defined by Ranke in Hormone Research 45 (Suppl 2) 64-66 (1996). Such patients have 
at least one genetic family member exhibiting short stature. 



Patient B53 , height: -2.0 SD 

mother's height 149.5 cm (-2.15 SD) 
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^ fefher's height 163.3 (-1.71 SD) 

peak GH test 18.1 ng/ml (clomdine) 
IGF-I:94ng/inl 
IGFBiP-3: 2.03 mg/L 
5 BD: 10/6/91 

Patient B49 , height: -2.7 SD 
mother's height 138.9 cm (-3.88 SD) 
father's height 165.4 (-1.40 SD) 
10 peak GH test 10.4 ng/ml (propanolol) 
IGF-I: 94 ng/ml 
IGFBP-3: 2.97 mg/L 
BD: 13/12/92 

15 Patient B4 , Height -2.1 SD 

mother's height 148.7 cm (-2.3 SD) 
father's height 163.4 (-1.7 SD) 
IGF-I: 99 ng/ml 
IGFBP-3: 2.1 mg/L 

20 

< 

Example 2 - Polymerase chain reaction (PGR) amplification of a Ggj-specific 
fragment 

25 PGR amplification of a 3.2 kb GS7-specific firagment has been performed on the 
patients selected as per Example 1 and controls. Genomic DNA was extracted firom 
patient lymphocytes by standard procedures. 

Oligonucleotide primers GHIF (5' GGGAGGGCGAGGAATGC 3'; -615 to -599) and 
30 GHIR (5' TGTAGGAAGTCTGGGGTGC 3'; +2598 to +2616) were designed to 
correspond to GiJi-specific sequences in order to PGR amplify a 3.2kb single genomic 
DNA fragment containing the human GHI gene using the Expand™ high fidelity 
system (Roche). 
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^ Two separate tiin-waUed 0.65ml PGR tabes were used for each reaction. The first tube 
contained 500 nanograms (ng) each primer (GHIF and GHIR), 200|iM dATP, dTTP, 
dCTP and dGTP and 200ng of patient genomic DNA made up to a final volume of 25^1 
with sterile water. Tbe second tube contained 5^1 lOx reaction buflFer made up to a final 
5 volume of 24.25^1 with sterile water. Both tubes were placed on ice for 5 minutes. 
After this time, 0.75jj.l of Expand™ polymerase mix was added to the second tube, the 
contents mixed and transferred to the first tube. The tube was centrifiiged for 30 seconds 
and the reaction mixture overlaid with 30|li1 light mineral oil (Sigma). The reaction 
mixture was then placed in a 480 or 9700 PGR programmable thermal cycler (Perldn 
10 Elmer) set at 95°G. 

The reaction mix was then amplified under the following conditions: 95°G for 2 minutes 
followed by 30 cycles of 95°C for 30 seconds, 58°C for 30 seconds and 68°C for 2 
minutes. For the last 20 cycles, the elongation step at 68°G was increased by 5 seconds 
15 per cycle. This was followed by a fijrther incubation at 68°G for 7 minutes and the 
reaction was then cooled to 4°C prior to fiirfher analysis. For each set of reactions, a 
blank (negative control) was also set up. The blank reaction contained all reagents ^art 
&om genomic DNA and was used to ensure that none of the reagents were 
contaminated. 

20 A one-tenth volume (5)j,l) was analysed on a 1.5% agarose gel to assess whether PGR 
amplification had been successfiil before nested PGR was perfonned. Those samples 
that had PGR-amplified successfiiUy were then diluted 1 in 100 prior to use for nested 
PGR 

Example 3 - Nested-PCR 

Nested PGR was performed on the firagments produced in Example 2 to generate, in 
each case, seven overlapping sub-firagments that together span the entire GHl gene. In 
addition, the Locus Gontix)l Region has been PCR-amplified (see Example 5) in all but 
three patients. 
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The seven overlapping sub-fragments of the initial 3.2 kb PGR product were PCR- 
amplified using Taq Gold DNA polymerase (Peridn-Elmer). OHgonucleotides used for 
&ese reactions are listed in Table 6 together with their sequence locations as determined 
fix>m the GHl gene reference sequence. 

5 

A lp,l ahquot of the diluted long (3.2 kb) PGR product was put into a tibdn-walled 0.2ml 
PGR tube or into one well of a 96-well microtitre plate. To this was added 5^1 lOx 
reaction buffer, 500ng appropriate primer pair (e.g. GHIDF and GHIDR), dATP, 
dTTP, dGTP and dGTP to a final concentration of 200nM, sterile water to a volume of 
10 49.8^d, followed by 0.2^x1 Taq Gold polymerase. 

The tube or microtitre plate was then placed in a Primus 96 thermal cycler (MWG 
Biotech) and cycled as follows: 12 min 95°G foUowed by 32 cycles of 95°G for 30 
seconds, 58°G for 30 seconds and 72°G for 2 minutes. This was followed by further 
15 incubation at 72°C for 10 minutes and the reaction was then cooled to 4°G prior to 
further analysis. 

A one-tenth volume (5^il) of the reaction mix was analysed on a 0.8% agarose gel to 
determine that the reaction had worked before denaturing high-pressure liquid 
:0 . chromatography pHPLC) was performed on a WAVE™ DNA J&agment analysis 
system (Transgenomic Inc. Crewe, Gheshire, UK). To enhance heteroduplex formation, 
the PGR product was denatured at 95°G for 5 minutes, followed by gradual re-aimealing 
to 50°G over 45 minutes. Products were loaded on a DNAsep column (Transgenomic 
Inc.) and eluted with a linear acetonitrile (BDH Merck) gradient of 2%/min in a O.IM 
5 triethylamine acetate buffer (TEAA pH 7.0), at a constant flow rate of 0.9ml/minute. 
The start and end points of the gradient were adjusted according to the size of the PGR 
product. Analysis took 6.5-8.5 minutes per ampHfied sample, mcluding the time 
required for column regeneration and equihbration. Samples were analysed at the Melt 
temperatures (TM) determined using the DHPLCMelt software 
(http://insertion.stanford.edu/melt.html') and listed in Table 6. Eluted DNA fragments 
were detected by an UV-C detector (Transgenomic Eac). 
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Tabled Oligonucleotide primers used for DHPLC analysis and DNA 
sequencing 



Fraem 
eat 


Primer 


Seouence (S^ to 


Position 


DHPL 
C melt 
temper- 
ature 


1 


GHIDF 


CTCCGCGTTCAGGTTGGC 


-309 to -292 


60°C 




GHIDR 


CTTGGGATCCTTGAGCTGG 


-8 to +1 1 




2 


GH2DF . 


GGGCAACAGTGGGAGAGAAG 


-59 to -40 


63''C 




GH2DR 


CCTCCAGGGACCAGGAGC 


+222 to +239 




3 


GH3DF 


CATGTAAGCCCAGTATTTGGCC 


+189 to +210 


62°C 




GH3DR 


CTGAGCTCCTTAGTCTCCTCCTCT 


+563 to +586 




4 


GH4DF 


GACTTTCCCCCGCTGGGAAA 


+541 to +560 


62°C 




GH4DR 


GGAGAAGGCATCCACTCACGG 


+821 to +841 




5 


GH5DF 


TCAGAGTCTATTCCGACACCC 


+772 to +792 


62*0 








+1 1 97 tn 

~X iZr / UJ 

+1148 




6 


GH6DF 


TCCCCAATCCTGGAGCCCCACTGA 


+1099 to 
+1122 


62°C 




GH6DR 


CGTAGTTCTTGAGTAGTGGGTGAT 
CG 


+1410 to 
+1435 




7 


GH7DF 


TTCAAGCAGACCTACAGCAAGTTC 
G 


+1369 to 
+1393 


57°C 

and 

62°C 




GH7DR 


CTTGGTTCCCGAATAGACCCCG 


+1731 to 
+1752 





With respect to the samples ohtained from patients selected according to Example lA 
above, the following procedures (Examples 4 & 5) were carried out: 
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Example 4 - DNA-Seanencing of GgJ-specjjgc long PGR fragments 
Clones containing the C?fi7-specijac long PC3R. jfragment were sequenced with the 
BigDye (RTM) sequencing kit (Perkdn Ehner) in either 0.2nal tuhes or 96-weU 
miorotitre plates in a Primus 96 (MWG) or 9700 (Perldn Elmer) PGR thermal cycler. 
Oligonucleotide primers used for sequencing were: 

GHISI (5' GTGGTCAGTGTTGGAACTGC 3': -556 to -537); 
GH3DF (5' CATGTAAGCCAAGTATTTGGCC 3^ +189 to +210); 
GH4DF (5^ GACTTTCCCCCGCTGTAAATAAG 3': +541 to +560): and 
GH6DF (5' TCCCCAATCCTGGAGCCCCACTGA 3': +1099 to +1122). 

lixg of cloned DNA was sequenced with 3.2pmol of the appropriate primer and 4|il 
BigDye sequencing mix in a final volume of 20fiL The tube or microtitre plate was then 
placed in the thermal cycler and cycled as follows: 2 minutes 96''C followed by 30 
cycles of 96''C for 30 seconds, 50''C for 15 seconds and 60''C for 4 minutes. The 
reaction was then cooled to 4°C prior to purification. 

Purification was performed by adding 80jal 75% isopropanol to the completed 
sequencing reaction. This was then mixed and left at room temperature for 30 minutes. 
The reaction was then centrifiiged at 14,000 ipm for 20 minutes at room temperature. 
The supematant was then removed and 250Vl 75% isopropanol was added to the 
precipitate. The sample was mixed and centrifuged for 5 minutes at 14,000 rpm at room 
temperature. The supematant was removed and the pellet dried at 75^0 for 2 minutes. 

Samples were then analysed on an ABI Prism 377 or 3 100 DNA sequencer. 

Example 5 - GHl Gene Mutations and Poly mnrphigmQ 

(a) Example lA (UK) Patients 

Two new mutations have been found in our patient cohort in the GHl gene promoter 
region: a single base-pair substitution and an indel. 
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(i) The -60 G -r^A substitution was found in 2/25 mutant alleles in our patient 
sample (in heterozygous form in patients 57 and 75). This mutation occuired 
within a stretch of five Gs in the vitamin D response element (Alonso et al 
Biochem Biophys Res Commun 247: 882-887 (1998)) in a base that is 
conserved in all mammals. This is consistent with the functional importance of 
this nucleotide. This variation is always associated with promoter haplotype 19, 
which is a low expressor. 
(ii) The ^0 to ^39 GG-X:T indel in patient 76A could have been templated by 
gene conversion (the donor sequence of the former being GH2, CSH2 or CSHPl 
10 and the latter, CSHl or GSH2). 



Table 2 New GHl gene mutations found in patients with GH deficiency 



Patient 


Mutation 


Confirmed 
(cloning) 


Confirmed 

(PCR/ 

sequencing) 


Family 
studies 


57 


-60 G -> A 


Yes 


Yes 


Maternal 


75 


-60G-»A 


Yes 


Yes 


TBC 


76A 


-216A-»G 

■40 to -39 GG->-CT 


Yes 


No 


Not in 
parents. 
De novo? 



15 (b) Example IB OBarcelona) Patients 

Three mutations of potential pathological importance were found in the sequence 
analysis of the 50 familial short stature patients from Barcelona: -360 A->G (Patient 
B4), GTC->ATC at +1029 (Val llO^Ile) (Patient B53; this variation is also described 
in co-pending patent specification no. PCT/GBOl/2126) and ATC->ATG at +1491 
(nel79^Met) (Patient 49). 



Since four HellO alleles were noted in the control sample (a frequency of 0.025), this 
variant occurs at polymorphic frequencies in the general population. Molecular 
modelling suggested that this substitution might exert a deleterious effect on the 
structure of GH; tiie evolutionarily- consenred Vail 10 residue forms part of the 
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1^ hydrophobic core at the N-terminal end of helix 3, and its replacement by He with its 
longer sidechain would be expected to cause steric hindrance. Consistent with this 
prediction, the HellO variant is associated with a dramatically reduced ability (40% of 
normal) to activate the JAK/STAT signal transduction pathway. The ValllO-^Ile 
5 substitution appears therefore to represent a functional polymorphism that is associated 
with a reduction in GH activity and which is potentially able to influence stature. This 
variation is associated with promoter haplotype 2, which has fairly normal activity. 

With respect to the Ilel79Met variation: lie 179 is positioned at the surface of the hGH 
10 protein centrally in helix 4. In the hGHbp/hGH 2:1 complex, Ilel79 interacts directly 
with the 'hot-spot' residues of site 1, TRP104 and TRP169. It is therefore likely that a 
substitution of He 179 with a methionine residue would interfere with a precise steric 
constraint in site 1, resulting in a significant change in the functioning of the hGH. 

15 (c) Studies of GHl coding sequence variation in controls 

A total of 80 healthy British controls of Caucasian origin were also screened for 
variants, using the method of Examples 2 and 3, within the coding region of the GHl 
gene. Five examples of silent substitutions found in single individuals were noted 
[GAC^GAT at Asp26, TCG-^TCC at Ser85, TCG-^TCA at Ser85, ACG-^ACA at 
Thrl23 and AAC^AAT at Asnl09]. The Thrl23 polymorphic variant has been 
reported previously (Counts et al Endocr Genet 2 55-60 (2001)). 

In addition, three missense substitutions were noted [ACC->ATC, Thr27-^Ile; 
AAC-^GAC, Asn47->^Asp; GTC-^ATC, ValllO-^He, 1, 1 and 4 alleles 
respectively/160 alleles]; only the ValllO^He substitution had been found in the 
patient' study disclosed in our co-pending patent specification no. PCT/GBOl/2126 
(patient 66). Molecular modelling suggested that this substitution might exert a 
deleterious effect on the structure of GH; Vail 10 forms part of the hydrophobic core at 
the N-terminal end of helix 3 and its replacement by lie with its longer sidechain would 
cause steric hindrance. It may thus be that while the ValllO->Ile substitution in both 
control and patient populations, it is nevertheless capable of influencing stature. Other 
comments apply as in Example 5(b) above. This notwithstanding, the relative paucity 
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of missense mutations in the control population argues in favour of the pathological 
significance of the lesions found in the patient cohort. 

(d) Additional Results 

In addition to the promoter haplotype associations mentioned with respect to Vail lOIle 
and 

_60G-^A above, it has been found that the -24Thr->Ala (see Table 4, above) is always 
associated with promoter haplotype 21, which is a low expressor; and ^8G->A 
(described in our co-pending patent specification no. PCT/GBOl/2126) is always 
associated with promoter haplotype 2, which is a normal expressor. 

Example 6 - Further Studies, including identification of Argl6Cvs Variation 

In vitro expression and assay of biological activity of GH variants 

A cloned wild-type GHl cDNA was PGR amplified using primers GHCDNA5 (5* 
AAGCTT GCAATGGCTACAGGCTCCC 3'; -3 to +16) and GHCDNA3 (5' 
ACCGGTC TAGAAGCCACAGCTCCC 3*; +636 to +654) where non-templated 
restriction sites for Hindm and Agel are imderlined. This PGR fragment was digested 
with HindSI and Agel, cloned into the insect expression vector pEZ/V5-His 
(Invitrogen), and sequence-checked. 

Site-directed mutagenesis was performed on wild-type GHl cDNA using the 
QuikChange site-directed mutagenesis kit (Stratagene) according to the manufecturer's 
instructions. The vector was then transfected using Cellfecttn into High Five insect 
cells (Invitrogen) grown in Express Five SFM medium (Invitrogen). Stably transfected 
cells were selected on the basis of their zeocin resistance. Medium was harvested when 
cells had grown to 80% confluence for two successive 7-day periods. Hiiman GH in the 
culture supematants was quantified by IRMA (Nichols Institute Diagnostics). With the 
exception of the Argl6Cys variant (which showed no cross-reactivity in the IRMA), 
the cross-reactivity of the GH variants and insect cell-expressed wild-type GH in the 
IRMA was confirmed to be equal to that of the assay reference preparation (calibrated 
against the National Institutes of Health's reference preparation NIAMDD-hGH-RP-1) 
by dilutional analysis. 
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The Argl6Cys variant was quantified by Western blotting, by comparing the intensity 
of the variant band with those produced by known quantities of wild-type GH. lO^il 
culture medium from insect cells expressing the Argl6Cys variant were run on a 12% 
polyacrylamide gel together with varying amounts of wild-type GH (7-53ng). The gel 
was electroblotted onto PVDF membrane as described (Lewis et al., 2002X probed with 
an anti-human GH antibody (Lab Vision), diluted 1:500 and visualised by enhanced 
chemiluminescence (ECL Plus, Amersham Pharmacia Biotech). Fihns were analysed 
by imaging densitometry and a standard curve constructed for wild-type GH. This 
cuive was then used for quantification of the Argl6Cys variant (average of 6 separate 
measurements). IRMA quantification was confirmed by Western blotting. Equal 
quantities of variant and wild-type GH were loaded and the intensity and molecular 
weight (22kD) of variant and wild-type bands were found to be indistinguishable in all 
cases. 

HK293 cells, transfected with the full-length human GH receptor (GEDR) and selected 
on the basis of elevated GHR expression (HK293Bi cells), were used to assay the 
biological activity of the GH variants (Ross et al Mol Endocrinol H 265-73 (1997), 
von Laue et al J Endocrinol 165 301-11 (2000)). Cells were plated into 24-well plates 
(100,000 cells per well) for 24 hrs in DMEM:F-12 (1:1) containing 10% FCS. Cells 
were co-transfected overnight using a lipid-based transfection reagent (FuGENE 6, 
Roche Molecular Biochemicals) with a STATS-responsive luciferase reporter gene 
construct (Ross et al, ibid) and a constitutively expressed P-galactosidase expression 
vector (pCHllO; Amersham Pharmacia Biotech) to correct for transfection eflBciency. 
Cells were then incubated with variant and wild-type GH dUuted to a known standard 
range of concentrations (0.1-lOnM) in serum-free DMEM:F-12 (1:1) containing 
2.5xl0*"^M dexamethasone for 6 homrs to allow GHR dimerization, STATS activation 
and luciferase expression. After incubation, cells were lysed and the luciferase 
measxired in a microplate luminometer (Applied Biosystems) using the Promega 
luciferase assay system. Luciferase expression thus provided a measure of the degree of 
GHR activation and hence the biological activity of the GH variant Experiments were 
carried out in quadruplicate and repeated at least 3 times. Statistical analysis of 
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luciferase assay data was carried out by anal3^is of variance (ANOVA) with 
subsequent comparisons using the Student-Newman-Keuls multiple comparison test. 

GH secretion studies in mammalian cells 

The rat pituitary (GC) cell line was transfected with a pGEM-T plasmid containing a 
3.2kb fragment spanning the entire wild-type GHl gene (under the control of promoter 
haplotype 1) and equivalent constructs for the missense variants imder the control of 
their associated haplotypes. Cells were plated into 24-well plates (200,000 cells per 
well) and cultured overnight in DMBM containing 15% horse serum and 2.5% FCS 
(complete medium). Cells were co-transfected with 500ng GHl plasmid and P- 
galactosidase expression vector (pCHllO; Amersham Pharmacia Biotech) using the 
lipid-based transfection reagent Tfe-20 (Promega). Transfection was carried out in 
200^.1 serum-free medium containing lyl Tfx-20/well for 1 hr, after which O.Snal 
complete medixmi was added to each well. Cells were cultured for 48 hrs, medium 
harvested and cells lysed for p-galactosidase assay to correct for differences in 
transfection efficiency. With the exception of Argl6Cys,. GH in the medium was 
quantified for all variants using a Inmaan GH IRMA (Nichols Institute Diagnostics) that 
showed no cross-reactivity with rat GH. Owing to lack of cross-reactivity of the 
ArgieCys variant in the GH IRMA, this variant was quantified using a human GH 
ELISA (DRG Diagnostics). The Argl6Cys variant ftilly cross-reacted in this assay, 
diluting out in parallel with the standard curve, whilst rat GH showed no cross- 
reactivity. Results for the 'Argl6Cys variant were compared to wild-type GH quantified 
using the ELISA kit in the same experiment Experiments were performed and data 
analysed as described for the biological activity assay. 

Functional characterization of missense variants 

Missense mutations in the mature protein were modelled by simple replacement of the 
appropriate amino acid residue in the X-ray crystallographic structure of human GH. 
The majority of missense mutations were found to be compatible with a model of 
structural deformation of the GH molecule (concomitantiy impairing protein folding 
and hence reducing bio'activity), rather than with a model of a dysfunctional yet 
normally folded protein. However, three of the missense mutations (Argl6Cys, 
Lys41Arg, Thrl75Ala) were located in regions of the GH molecule known to interact 
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Hi with the GHR (pe Vos et al Science 255 306-12 (1992)). Indeed, two of the amiao 
acids involved (Lys41 and Thrl75) are among 8 key residues previously identified as 
being necessary for tight binding affinity between site 1 of GH and the GHR 
(Cunningham and WeUs 234 554-63 (1993); Clackson and WeUs Science 267 383-6 
5 (1995); WeUs Proc Natl Acad Sci USA 93 1-6 (1996)). 

Thirteen of the GH missense variants were expressed ia iasect cells, the exception 
being Leu-llPro which was not secreted into the culture medium. A luciferase 
reporter gene assay system was then used to assay their signal transduction activity. For 
10 GH to be biologically active, it must bind to two GHR molecules thereby triggering 
receptor dimerization. This then activates the intracellular tyrosine kinase JAK-2 
which, in turn, activates the transcription factor STATS by phosphorylation. 
Phosphorylated STATS dimerizes, translocates to the nucleus and binds to STAT5- 
responsive promoters to switch on the expression of GH-responsive genes. The assay 
15 of GH biological activity used here requires all stages of this pathway to be functional. 
Six variants (Thr27Ile, Lys41Arg, Asn47Asp, Ser71Phe, SerlOBArg and Thrl75Ala) 
were found to be associated with a significantly reduced ability to activate the 
JAK/STAT signal transduction pathway whereas the remaining seven (Thr-24Ala, 
AspllAsn, Argl6Cys, Glu74Lys, Ghi91Leu, SerlOSCys and ValllOIle) displayed 
20 normal or near normal fimctional activity (Figure 6). In principle, the latter variants 
could either have exerted their deleterious effects on a signal transduction pathway 
other than JAK/STAT or their detrimental effects may not have been manifest ia a 
static in vitro system. Alternatively, these variants could have compromised GHl 
mRNA splicing, GH folding, secretion or stability, or may have exerted their adverse 
effects on the GH axis in other ways. Finally, they might quite simply have been rare 
neutral variants with no phenotypic effect. 

To further explore these possibilities, secretion studies of the GH missense variants 
were performed in rat pituitary GC cells. The wild-type GHl gene, under the control of 
GHl promoter haplotype 1, was transfected into GC cells and shown to be responsible 
for the secretion of human GH (as measured by IRMA using a human GH-specific 
antibody) at a concentration of 64pM over a 48hr period. Each GH variant was assayed 
under the control of its associated promoter haplotype with "the GH secretion level 
measured being expressed as a percentage of wild-type (Figure 7). Since reduced 
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|| secretion with respect to wild-type may be either whoUy or partially attributable to 
reduced expression resulting from the possession of a low expressing promoter 
haplotype ratiier than to the direct effect of the missense mutation, the empirically 
derived levels of expression for each associated proximal promoter haplotype were 
5 compared directly (Figure 7). Altiiough the amount of GH secreted by the Ala-24 
variant was -63% that of the wild-type Thr-24, the associated promoter haplotype 21 
exhibits only 58% of the promoter activity associated with fihe wild-type promoter 
haplotype 1. It may tiierefore be inferred that the Thr-24A mutation has little or no 
effect on GH secretion and that the reduced secretion manifested by the Ala-24-bearing 
10 allele is attributable solely to the presence in cis of a low expressing promoter 
haplotype. Although reduced promoter activity is probably also sufficient to account 
for the reduced secretion of the AspllAsn and Asn47Asp variants, the low level of 
secretion of the functionally impaired Lys41Arg and Ser71Phe variants is probably not 
explicable solely in terms of the associated low expressing promoter haplotype. By 
15 contrast, a GHl construct containing the Leu-llPro mutation secreted no measurable 
GH despite being associated with a normally expressing promoter (haplotype 2). 
Similarly, the reduced secretion manifested by variants Argl6Cys, Glu74Lys, 
Ghi91Leu, SerlOSCys and ValllOIle could not be attributed to a low expressing 
promoter haplotype and is therefore likely to be a consequence of the introduced 
missense mutations. Together with the Leu-llPro leader peptide mutation, these five 
vari^ts therefore cofaprise a distinct group in that they compromise GH secretidn 
rather than functional activity. Seoretion of the Thx27Ile and Thrl75Ala variants was 
comparable to the wild-type whilst that of the SerlOSArg was elevated. 

A single example of a novel Vail lOIle substitution was found among the uidividuals 
with short stature selected according to the aforementioned criteria. However, since 
four Ilel 10 alleles were also noted in the control group (corresponding to an allele 
frequency of 0.013), this variant may be regarded as a polymorphism in the general 
population. Molecular modelling suggested that this substitution might exert a 
deleterious effect on GH structure. Indeed, the evolutionarily conserved Vail 10 residue 
forms part of the hydrophobic core at the N-terminal end of helix 3, and its replacement 
by lie with its- longer side-chain would be expected to cause steric hindrance. 
Consistent with this prediction, a ValllOPhe substitution has been reported as a cause 
of autosomal dominant type n IGHD (Binder et al J Clin Endocrin Metab 86 3877-81 
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(2001)). Since the HellO variant reported here exhibited significantly reduced 



The adoption of the aforementioned criteria for clinical selection appears to have been 
5 instrumental ia aUowiag us to detect novel GHl gene lesions in the probands tested, 
hideed, functionally significant mutations were found to occur significantly more 
frequently among selected (6/41) than among unselected individuals [7/154; odds ratio: 
3.6, 95% confidence interval (CI): 1.0-12.9]. If the ValllOEe functional polymorphism 
were excluded from this comparison, the odds ratio would be 7.0 (95% CI: 1.4-39.0), 
10 The prevalence of functionally significant GHI gene lesions ia the group was, 
however, significantiy lower than in a group of IGHD patients without gross GHl gene 
deletions (6/11; odds ratio: 25.2; 95% CI: 5.1-132.2). The successful use of the 
aforementioned criteria to enrich for novel GHl gene mutations demonstrates that the 
identification of carriers of GHl gene lesions may be achieved by reference to 
15 auxological parameters and bone age, irrespective of the results of GH secretion tests. 
On the other hand, since probands found to possess a GHl gene lesion did not differ 
significantiy from non-carrier probands in terms of any measured laboratory or clioical 
phenotypic parameter, it is unlikely that many carriers could be readily identified 
among probands without recourse to the use of DNA sequencing as a screening 
20 technique. 

4 

Of the variants identmed according to this Example, Leu-1 IPro, Lys41Arg, Asn47Asp, 
Ser 71Phe, SerlOSArg. Thrl75Ala, Glu74Lys, GlnPlLeu, Serl08Cys and ValllOne 
are described in our co-pending patent specification no. PCT/GBO 1/2126. The variants 
25 Thr 27IIe, which exhibits a reduced ability to activate the JAK/STAT pathway, and 
Argl6Cys, which reduces secretion in rat pituitary cells after allowance has been made 
for the level of expression attributable to the associated GEDt proximal promoter 
haplotype, and Ilel79Met which exhibits a reduced ability to activate the MAP Kinase 
signal transduction pathway are described here for the first time, and, in the former two 
3 0 cases, referred to in Figures 6 and 7 as T27I and Rl 6C, respectively. 



secretion, it may be regarded as a fiinctional polymorphism. 
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^ Example 7 - ActivatioTi of MAP kin ase pathway bv variation Del79M6t 
Proteolytic digestion of the GH variant 

Trypsin, chymottypsin, or proteinase K (aU Sigma, Poole, UK) were added to a final 
5 concentration of 0.1p,g/ml to lOOfxl culture medium harvested from insect cells 
ejqpressing either wild-type GH or the Ilel79Met variant (6O11M) and then incubated at 
37°C for 1 hr. Previous dose-dependent studies on wild-type GH indicated that 0.1 jxg/ml 
was the concentration at which degradation was initiated by all three enzymes. After the 
1 hr treatment period, lOp.1 trypsin-chymotrypsin inhibitor (500ng/ml) was added to stop 
10 the trypsin and chymotrypsin digests and IpJ PMSF (O.IM) was added to stop the 
proteinase K digest Each reaction was then incubated for a further 15 mma at 37°C. The 
samples were analysed by SDS-PAGE on a 12% gel using a mmi gel apparatus (Bio-Rad 
Laboratories). An eqtiivalait amount of undigested wild-type GH and Ilel79Met variant 
that had beaa incubated for 1 hr at 37°C was also run on the gel. The gel was 
15 electroblotted onto PVDF membrane as previously described (Lewis et al 
Neuroendrocinology 2002.14,361-367), probed with a mouse monoclonal anti-human 
GH antibody (Lab Vision, Fremont, CA, USA), diluted 1:500, detected using an anti- 
mouse IgG-HRP conjugate (1:5000, Amersham Biosciences) and visualised by enhanced 
chemiluminescence (ECL Plus, Amersham Biosciences). Films were analysed using the 
Alpha Imager 1200 digital imaging system (Alpa Innotech Corp, San Leandro, CA, 
USA) and the Jesuits expressed as tiie amotmt of GH remaining following enzyme 
digestion as a percentage of undigested GH. The experiments were repeated 3 times and 
assessed statistically by a two-tailed t-test 

Activation of the MAP kinase pathway 

The ability of the Ilel79Met variant to activate the MAP kinase signal transduction 
pathway to the same degree as wild-type GH was investigated by stimulatiag 3T3- 
F442A preadipocytes with wild-type GH and the Ilel79Met variant (20nM for 15 
mins). Cells were then lysed and analysed by SDS-PAGE on a 10% gel as described 
above. The gel was blotted onto PVDF membrane and probed using antibodies that 
detect the activated (phosphorylated) forms of p42/p44 MAP kinase (Cell Signaling 
Technology) and STAT 5 (Upstate Biotechnology). Blots were processed, visualised 
using ECL Plus (Amersham) and the images analysed as described above. 
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Functional characterization of the Ilel79Met variant 

The evolutionaiy conservation of the hydrophobic residue nel79 was examined by 
Ctoto^r multiple sequence alignment of orthologous GH proteins from 19 vertebrates 
5 (Krawczalc et al Gene 1999. 237,143-151). TMs residue is a hydrophobic vaHne in all 
vertebrates except turtle, indicating that the substitution by He in the human lineage is 
conservative. Comparison with the paralogous genes of the human GH cluster revealed 
that.tiie residue analogous to Ilel79 is Met in CSHl, CSH2 and the CSH pseudogene 
(CSHPJ). This is consistent with the conservative Ilel79Met substitiition having been 
1 0 tanplated by gene conversion. 

The nel79Met substitiition was then modeUed by replacement of the residue in tiie X-ray 
crystallographic structi^e of human GH. nel79 lies in heUx 4 where it is partially 
exposed, allowing hydrophobic interactions with the side-chain of the "hotspot" GHR 
15 residue Trpl69. Further interactions with the GHR occur between tiie side-chain and 
baclcbone atoms of nel79 and the backbone atoms of GHR residues Lysl67 and Glyl68. 
Replacement of the nel79 side-chain witii the side-chain of methionine indicates that 
these hydrophobic interactions may be conserved upon substitution. 

0 The nel79Met variant was expressed in insect cells and a luciferase reporter gene assay 
system (11, 12) used to assay its sighsa tiahsduction activity. For GH to be biologically 
active, it must bind to two GHR molecules thereby triggering receptor dimerization. 
GHR dimerization activates the intracellular tyrosine kinase JAK2 which in turn 
activates the transcription factor STAT 5 by phosphorylation. Phosphorylated STAT 5 
) dimerizes, translocates to tiie nucleus and binds to STAT 5-responsive promoters 
thereby switching on the expression of GH-responsive genes. The assay of GH 
biological activity used here requires all stages of tiiis pathway to be functional. The 
nel79Met variant was found to display normal (99 ± 4% wild-type) abihty to activate 
the JAK/STAT signal transduction pathway. 



However the above study designed to assess the abihty of the Ilel79Met variant to 
activate tiie MAP kinase pathway indicated a considerably reduced level of activation 
in response to the variant (5.7 times basal level of activation) as compared to wild-type 
(14.5 times basal level of activation). This conti^ted wifli its ability to activate STAT 5 
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^ to the same level as wild-type GH [20.5 times for the wild-type (nel79) versus 22.5 
times for the Metl79 variant]. The STAT 5 data confirmed the result fiom the STAT 5- 
responsive luciferase bioassay showing the same level of activity between wild-type 
GH and the Del 79Met variant 

5 

To explore these possibilities further, the secretion of the Ilel79Met variant was studied 
in rat pituitaiy GC ceUs. The wild-type GHl gene, under the control of GHl promoter 
haplotype 1, was transfected into GC cells and shown to be responsible for the secretion 
of human GH (as measured by RIA using a human GH-specific antibody) at a 
10 concentration of 64pM over a 48hr period. The nel79Met variant (also under the control 
of GHl promoter hapiotype 1 with which it is associated in cis in patient B49) was then 
assayed, and the GH secretion level measured was expressed as a percentage of wild- 
type. Since secretion was found to be 97 ± 4% of the wild-type value, it may be inferred 
that this mutation is likely to have litfle or no effect on GH secretion. 

15 

Finally, the nel79Met variant was also challenged with trypsin, chymotrypsin and 
proteinase K to determine if it was more susceptible to proteolytic cleavage than wild- 
type GH. However, the 179Met variant proved similarly resistant to proteolytic cleavage 
as wild-type GH indicating that there were no significant dififerences in protein folding 
20 between the two forms of GH. 

la this initial assessment we examined the ability of the nel79Met variant to activate 
the JAK/STAT signal transduction pathway and found it to be indistinguishable fiom 
wild-type. Secretion and stability of this variant also appeared to be normal. We then 
examined the abihty of the variant to activate the MAP kmase signal transduction 
pathway and found it to be significantly decreased. We beheve therefore that this 
variant is dysfunctional in that it manifests reduced abiKty to activate the MAP kinase 
signal transduction pathway. Accordingly, it represents another important variant of 
the Growth Hormone gene that is likely to exhibit normal immunological reactivity but 
no biological activity. 
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CLAIMS 

1 . An isolated or recombinant polynucleotide comprising a variant of the hnmaQ growth 
hormone nucleic acid sequence, GH7, which variant comprises a variation selected 
5 jtom the group consisting of: 

(a) (i) +480 C T; 

(ii) +446C->T; 

(iii) +1491 C G; 
10 (iv) -60 G-^ A; 

(v) ^oto-39GG-»CT; 

(vi) -360 A -> G; and 

(vii) +748 A ->G 

(where figures relate to reference wild-type human GHl nucleotide position number, 
counting from TSS); 

(b) a sequence substantially homologous to or fliat hybridizes to sequence (a) under 
stringent conditions; 

(c) a sequence substantially homologous to or that hybridizes to the sequences (a) 
or (b) but for degeneracy of tiie genetic code; and 

(d) an oligonucleotide specific for any of the sequences (a), (b) or (c) above and 
comprising a variation selected from (i) to (vii). 

2. A nucleic acid sequence according to claim 1, wherein the sequence (a) is selected 
from: 

(a) (i) +480C^T;and 
(ii) +446C->T. 

3. A nucleic acid s.equence according to claim 1 or claim 2, which is a cDNA 
sequence. 

4. An amino acid sequence encoded by a variant of GHl^ wherein the variant of 
GHl is one according to any of claims 1 to 3. 
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5. A human GH variant, defined with reference to hGH (Figure 5, SEQ ID NO: 
selected from: 

(i) Thr27ne; 

(ii) Argl6Cys; 

(iii) nel79Met; 

(iv) Thr27Ile; and 

(v) Asn47Asp. 

6. A variant according to claim 4 or claim 5, which comprises Thr27Ile. 

7. A variant according to claim 4 or claim 5, which comprises Argl6Cys. 

8. A variant according to claim 4 or claim 5, which comprises Ilel79Met, 

9. A screening method for screening a patient suspected of having dysfunctional 
GH, which screening method comprises the steps of: 

(a) obtaining a test sample comprising a nucleotide sequence of the human GHl gene or 
a polypeptide sequence encoded thereby from the patient; and 

(b) comparing a region of the sequence obtained from the test sample with the 
corresponding region of a predetermined sequence 

characterized in that the predeterinined" sequence is selected from a variant of GHl 
according to any of claims 1 to 3, or a variant of hGH according to any of claims 4 to 8, 
.respectively, 

10. A screening method according to claim 9, wherein the predetermined sequence 
is an oligonucleotide having a nucleic acid sequence corresponding to a region of a 
variant GHl gene, which region incorporates at least one variation according to any of 
claims 1 to 3, when compared with the corresponding region of the wild type sequence. 

11- A screening method according to claim 9 or claim 10, wherein the test sample 
comprises genomic DNA. 
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^ 12. A screoiing mefhod according to any of claims 9 to 11, wherein the comparison 
step includes the step of sequencing the appropriate region of the GHl gene and/or 
employs DNA chip technology wherein Ihe chip is a miniature parallel analytical device 
that is used to screen simultaneously either for multiple known mutations or for all 
5 possfljle mutations, by hybridisation of labelled sample DNA. 

13. A screening method according to claim 9, wherein the comparison step 
comprises identification of the polypeptide by protein sequencing methods, including 
mass spectroscopy, micro-array analysis and pyrosequencing and/or antibody-based 
1 0 methods of detection, including ELIS A. 



14. A Mt suitable for use in carrying out a screening method according to any of 
claims 9 to 13, which kit comprises: 

(a) an ohgonucleotide having a nucleic acid sequence correspondmg to a region of a 
15 variant GHl gene, which region mcorporates at least one variation from the 

corresponding vwld-type sequence selected from variations according any of claims 1 to 
3; and 

(b) an oligonucleotide having a nucleic acid sequence corresponding to the wild-type 
sequence in the region specified in (a); and, optionally, 

20 (c) one or more reagents suitable for carrying out PGR for amplifying desired regions of 
the patient's DNA 

15. A kit according to claim 14, wherein the reagent(s) comprise one or more of: 
PGR primers corresponding to an exon of the GHl gene, and/or primers defined 
hereinabove; and/or other reagents for use in PGR, including Taq DNA polymerase. 

16. A screening method according to any of claims 9 to 13 or a kit according to 
claim 14 or 15 employing one or more 'surrogate markei<s)' that are mdicative of or 
correlated to the presence of a variant of GHl according to any of claims 1 to 3 or a GH 
variant according to any of claims 4 to 8. 



17. A screening method or kit according to claim 1 6, wherein the 'surrogate marker' 
is or includes: 
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0 (a) any biomolecule (including, but not liniited to, nucleotides, proteins, including 
antibodies specific for the GH variant or the variant of GHl, sugars and lipids); 

Cb) a chemical compound (including, but not limited to, dmgs and metaboKtes'thereof)- 

and/or 

5 (c) a physical characteristic, 

whose absence, presence, or quantity in an individual is measurable and correlated with 
flie presence of the GH variant or the variant of GHl. 

18. The use of a variant of GHl according to any of claims 1 to 3 or a GH variant 
10 according to any of claims 4 to 8 in a therapeutic, diagnostic or detection method. 

19. The use according to claim 18 for the detennination of susceptibility of an 
individual to a disease selected from diabetes, obesity, infection, cancers or cardiac 
conditions. 

20. The use according to claim 18 for the detemiination of GH binding defects 
and/or pituitary storage defects in an individual. 

21. Ite use of a variant of GHl according to any of claims 1 to 3 in gene therapy. 

22-. Theu^eof avariantof accordingto any of claims 1 to 3 oraGH variant 
according to any of claims 4 to 8 in the preparation of a therapeutic composition, 
diagnostics composition or kit, or detection kit for preventing, treating, diagnosing or 
detectmg conditions associated with or caused by GH dysfunction in an individual. 



15 



20 



25 



23. An antibody specific for a variant according to any of claims 4 to 8, which 
antibody is capable of distinguishing between fee variant correspondmg wild type 



ammo acids. 



30 24. A composition conqjrising a GH variant according to any of claims 4 to 8 in 
association with aphaimaceuticaUy acceptable carrier therefor. 

25. A vector comprising a nucleic acid sequence according to any of claims 1 to 3. 
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26. A host cell comprising a vector according to claim 25, including a bacterial host 
ceU. 

27. A process for preparing a GH variant according to any of claims 4 to 8, which 
process comprises: 

(i) cultuxing a host cell according to claim 26; and 

(ii) recovering from the culture medium the GH variant thereby produced. 

28. A protein or amino acid sequence encoded or expressed by a sequence, vector, or cell 
according to any of claims 1 to 3, 25 or 26, which protein or amino acid sequence is in culture 
medium. 



Abstract 

Growth Hormone Variations in Humans and their Uses 



The present invention relates to naturaUy-occurring growth hormone mutations; to a 
method for detecting them and their use in screening patients for growth hormone 
irregularities or for producing variant proteins suitable for treating such irregularities. 

In one aspect there is disclosed variants of GHl^ selected from the group consisting of: 

(a) (i) 4-480 C-^T; 

(ii) +446 C ^ T; 

(iii) +1491 C G; 

(iv) -60 A; 

(v) ^0to-39GG->CT; 

(vi) -360A->G;and 

(vii) +748A-->G 

(where figures relate to GHl nucleotide position number, counting from TSS); 

(b) a sequence substantially homologous to or that hybridises to sequence (a) under 
stringent conditions; 

(c) a sequence substantially homologous to or that hybridises to the sequences (a) 
or (b) but for degeneracy of the genetic code; and 

(d) an ohgonucleotide specific for any of the sequences (a), (b) or (c) above. 
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Fxgture 4 



-700 


ctgtttcttg 


gtttgtgtct 


ctgctgcaag 


tccaaggagc 


tggggcaata 


1 

-651 


-650 


ccttgagtct 


gggttcttcg 


tccccaggga 


cctgggggag 


ccccagcaat 


-601 


-600 


gctcagggaa 


aggggagagc 


aaagtgtggg 


gttggttctc 


tctagtggtc 


-551 


-550 


agtgttggaa 


ctgcatccag 


ctgactcagg 


ctgacccagg 


agtcctcagc 


-501 


-500 


agaagtggaa 


ttcaggactg 


aatcgtgctc 


acaaccccca 


caatctattg 


-451 


-450 


gctgtgcttg 


gccccttttc 


ccaacacaca 


cattctgtct 


ggtgggtgga 


-401 


-400 


ggttaaacat 


gcggggagga 


ggaaagggat 


aggatagaga 


atgggatgtg 


-351 


-350 


cf t ccrcFt acf cf cr 


ggtctcaagg 


actggctatc 


ctgacatcct 


tctccgcgtt 


-301 


-300 


caggttggcc 


accatggcct 


gcggccagag 


ggcacccacg 


tgacccttaa 


-251 


-250 


agagaggaca 


acit t crcrcrt crcr 


tatctctggc 


tgacactctg 


tgcacaaccc 


-201 


-200 


tcacaacact 


ggt gacggt g 


ggaagggaaa 


gatgacaagc 


cagggggcat 


-151 


-150 


gatcccagca 


tgtgtgggag 


gagcttctaa 


attatccatt 


agcacaagcc 


-101 


-100 


catcagtggc 


cccatgcata 


aatgtacaca 


gaaacaggtg 


ggggcaacag 


-51 


-50 


tgggagagaa 


ggggccaggg 


tataaaaagg 


gcccacaaga 


gaccagctca 


-1 


+ 1 


aggatcccaa 


ggcccaactc 


cccgaaccac 


tcagggtcct 


gtggacagct 


+ 50 


+51 


cacctagcgg 


caATGGCTAC 


AGgtaagcgc 


ccctaaaatc 


cctttgggca 


+100 


+101 


caatgtgtcc 


tgaggggaga 


acrcaaccracc 


tgtagatggg 


acgggggcac 


+150 


+ 151 


taaccctcag 


gtttggggct 


tctgaatgtg 


agtatcgcca 


tgtaagccca 


+200 


+ 9 01 


gtatttggcc aatctcagaa 


agct cc t ggt 


ccctggaggg 


atggagagag 


+250 


+ 251 


aaaaacaaac 


agctcctgga 


acaaagagag 


tgctggcctc 


ttgctctccg 


+300 


+3 01 


gctccctctg 


ttgccctctg 


gtttctcccc 


agGCTCCCGG 


ACGTCCCTGC 


+350 


+351 


TCCTGGCTTT 


TGGCCTGCTC 


TGCCTGCCCT 


GGCTTCAAGA 


GGGCAGTGCC 


+400 


+ 401 


TTCCCAACCA 


TTCCCTTATC 


CAGGCTTTTT 


GACAACGCTA 


TGCTCCGCGC 


+ 450 


+ 451 


CCATCGTCTG 


CACCAGCTGG 


CCTTTGACAC 


CTACCAGGAG 


TTTgtaagct 


+500 


+501 


cttggggaat 


gggtgcgcat 


caggggtggc 


aggaaggggt 


gactttcccc 


+550 


+551 


cgctgggaaa 


taagaggagg 


agactaagga 


gctcagggtt 


tttcccgaag 


+ 600 


T OU JL 


cgaaaatgca 


ggcagatgag 


cacacgctga 


gtgaggttcc 


cagaaaagta 


+ 650 


+ 651 


acaatgggag 


ctggtctcca 


gcgtagacct 


tggtgggcgg 


tccttctcct 


+700 


+701 


agGAAGAAGC 


CTATATCCCA AAGGAACAGA AGTATTCATT 


CCTGCAGAAC 


+750 


+751 


CCCCAGACCT 


CCCTCTGTTT 


CTCAGAGTCT 


ATTCCGACAC 


CCTCCAACAfi 


+ 800 


+ 801 


GGAGGAAACA CAACAGAAAT 


CCgtgagtgg atgccttctc 


cccaggcggg 


+850 


+ 851 


gatgggggag 


acctgtagtc 


agagcccccg 


ggcagcacag 


ccaatgcccg 


+ 900 



5/10 



+901 tccttcccct gcagAACCTA GAGCTGCTCC GCATCTCCCT GCTGCTCATC +950 
+951 CaGTCGTGGC TGGAGCCCGT GCAGTTCCTC AGGAGTGTCT TCGCCAACAG +1000 
+1001 CCTGGTGTAC GGCGCCTCTG ACAGCAACGT CTATGACCTC CTAAAGGACC +1050 
+1051 TAGAGGftAGG CATCCAAACG CTGATGGGGg tgagggtggc gccaggggtc +1100 
+1101 cccaatcctg gagccccact gactttgaga gctgtgttag agaaacactg +1150 
+1151 ctgccctctt tttagcagtc aggccctgac ccaagagaac tcaccttatt +1200 
+1201 cttcatttcc cctcgtgaat cctccaggcc tttctctaca ccctgaaggg +1250 
+1251 gagggaggaa aatgaatgaa tgagaaaggg agggaacagt acccaagcgc +1300 
+ 1301 ttggcctctc cttctcttcc ttcactttgc agAGGCTGGA AGATGGCAGC +1350 
+ 1351 CCCCGGACTG GGCAGATCTT CAAGCAGACC TACAGCAAGT TCGACACAAA +1400 
+ 14 01 CTCACACAAC GATGACGCAC TACTCAAGAA. CTACGGGCTG CTCTACTGCT +1450 
+ 1451 TCAGGAAGGA CATGGACAAG GTCGAGACAT TCCTGCGCAT CGTGCAGTGC +1500 
+ 1501 CGCTCTGTGG AGGGCAGCTG TGGCTT CTAG ctgcccgggt ggcatccctg +1550 
+1551 tgacccctcc ccagtgcctc tcctggccct ggaagttgcc actccagtgc +1600 
+1601 ccaccagcct tgtcc taata aa attaagtt gcatcatttt gtctgactag +1650 
+1651 gtgtccttct ataatattat ggggtggagg ggggtggtat ggagcaaggg +1700 
+1701 gcaagttggg aagacaacct gptagggcctg cggggtctat tcgggaacca +1750 
+1751 agctggagtg cagtggcaca atcttggctc actgcaatct ccgcctcctg +1800 
+1801 ggttcaagcg attctcctgc ctcagcctcc cgagttgttg ggattccagg +1850 
+1851 catgcatgac caggctcagc taatttttgt ttttttggta gagacggggt +1900 
+1901 ttcaccatat tggccaggct ggtctccaac tcctaatctc aggtgatcta +1950 
+1951 cccaccttgg cctcccaaat tgctgggatt acaggcgtga accactgctc +2000 
+2 001 ccttccctgt ccttctgatt ttaaaataac tataccagca ggaggacgtc +2050 
+2 051 cagacacagc ataggctacc tgccatgccc aaccggtggg acatttgagt +2100 
+2101 tgcttgcttg gcactgtcct ctcatgcgtt gggtccactc agtagatgcc +2150 
+2151 tgttgaattc ctgggcctag ggctgtgcca gctgcctcgt cccgtcacct +2200 
+2201 tctggcttct tctctccctc catatcttag ctgttttcct catgagaatg +2250 
+2251 ttccaaattc gaaatttcta tttaaccatt atatatttac ttgtttgcta +2300 
+2301 ttatctctgc ccccagtaga ttgttagctc cagaagagaa aggatcatgt +2350 
+2351 cttttgctta tctagatatg cccatctgcc tggtacaatc tctggcacat +2400 
+2401 gttacaggca acaactactt gtggaattgg tgaatgcatg aatagaagaa +2450 
+2451 tgagtgaatg aatgaataga caaaaggcag aaatccagcc tcaaagaact +2500 
+2501 tacagtctgg taagaggaat aaaatgtctg caaatagcca caggacaggt +2550 
+2551 caaaggaagg aggggctatt tccagctgag ggcaccccat caggaaagca +2600 
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+2601 ccccagactt cctacaacta ctagacacat ctcgatgctt ttcacttctc +2650 
+2651 tatcaatgga tcgtctccct ggagaataat ccccaaagtg aaattactta +2700 
+2701 gcacgtccag ttaggtagat ccttgtgtac ttcttggttg ttcagagatc +2750 
+2751 atcaaccagt gcaaacaatc cccccatcaa tacacagcag tgcctgcccc +2800 
+2801 tctccccccg aggtcttccg aggcccttcc tccgtgcctg aaccccctgg +2850 
+2851 acatatcata tggcaaactg aagtgtccaa cgagatatag gaagtgaaac +2900 
+2901 acgatgtaca ctgaaacgtg caatacaaat atgcagcatg aagtgcctcg +2 950 
+2951 gttcactaac ccgagctacg ctgggtgctt cttttctacc actttcctta +30 00 
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FignreS 

GrowtJi honnone 1 
Gejie symbol : GHI 
Location : 17q 

1 2 

-26 ATG GCT ACA gIgC TCC CGG ACG TCC CTG CTC CTG GCT TTT GGC CTG - 12 
Met Ala Thr G ly Ser Arg Tbr Ser Leu Leu Leu Ala Phe Gly Leu 

-11 CTCTGCCTGCCCTGGCTTCAAGAGGGCAGTGCCTTCCCAACC ATT 4 
Leu Cys Leu Pro Tip Leu Gin CHu Giy Ser Ala Phe Pro Thr He 

5 CCCTTATCCAGGCTTITTGAC AACGCTATGCTCCGCGCCCATCGT 19 
Pro Leu Ser Arg Lea Phe Asp Asa Ala Met Leu Arg Ala His Arg 

2 3 

20 CTG CAC CAG CTG GCC TTT GAC ACC TAC CAG GAG TTT I GAA GAA GCC 34 
Leu His Gin Leu Ala Phe Asp Thr Tyr Gin Glu Phe du Ghi Ala 

35 TAT ATC CCA AAG GAA CAG AAG TAT TCA TTC CTG CAG AAC CCC CAG 49 
Tyr He Pro Lys Glu Obi Lys Tyr Ser Phe Leu GHb Asn Pro Ghi 

♦ 

50 ACC TCC CTC TGT TTC TCA GAG TCT ATT CCG ACA CCC TCC AAC AGG 64 
Thr Sea- Leu Cys Phe Ser Glu Set lie Pro Thr Pro Ser Asn Aig 

3 4 

65 GAG GAA ACA CAA CAG AAA TCC I AAC CTA GAG CTG CTC CGC ATC TCC 79 
Cflu Cau Thr Gin GSn Lys Ser Asn Leu Glu Leu Leu Arg He Ser 

80 CTG CTG CTC ATC CAG TCG TGG CTG GAG CCC GTG CAG TTC CTC AGG 94 
Leu Leu Leu lie Ghi Ser Tip Leu Glu Pro Val Ghi Phe Leu Arg 



95 AGT GTC TTC GCC AAC AGC CTG GTG TAC GGC GCC TCT GAC AGC AAC 
Set Val Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser Asp Ser Asn 
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IH^IO C3TC TAT GAC CTC CTA AAG GAC CTA GAG GAA GGC ATC CAA ACG CTG 124 

Val Tyr Asp Leu Leu Lys Asp Leu Ghx Gba. Gly He Gba. Tbr Leu 
4 5 

125 ATG GGG -l AGG CTG GAA GAT GGC AGC CCC CGG ACT GGG CAG ATC TTC 
139 

Met Gly Arg Leu Glu Asp Gly Ser Pro Arg Thr Gly Gin He Phe 

140 AAGCAGACCTACAGCAAGTTCGAC ACAAACTCACAC AACGATGAC 154 
Lys Gin Thr Tyr Ser Lys Phe Asp Thr Asn Ser His Asn Asp Asp 

155 GCA CTA CTC AAG AAC TAC GGG CTG CTC TAC TGC TTC AGG AAG GAC 169 
Ala Leu Leu Lys Asn T^r Gly Leu Leu Tyr Cys Phe Aig Lys Asp 

170 ATG GAC AAG GTC GAG ACA TTC CTG CGC ATC GTG CAG TGC CGC TCT 184 
Met Asp Lys Val Ou Thr Phe Leu Arg He Val Gin Cys Arg Ser 

1 85 GTG GAG GGC AGC TGT GGC TTC TAG 
Val Glu cay Ser Cys Gly Phe * 



S 




Relative ability of insect cell-expressed GEL variants to activate the GHRrmediated 
JAK/STAT signal transduclion pathway. 

Results are expressed as % wild-type activity at a dose of lnM GH in a luciferase reporter 
gene assay (InM = approxEDSO of v^dld-type GH), d>12, * p<0.05, p<0.01 and p<0.001 
vs wild-type. Statistical significance was assessed by analysis of variance (ANOVA) with 
subsequent comparisons using a Student-Newman-Keuls multiple comparison test. WT; wild-type. 




Secretion of GH variants from rat pi^taiy (GQ cells and the relative level of expression of 
the variant-associated promoter haplotypes. 

Solid colunms denote the secretion of GH variants from rat GC cells transfected with pGEM-T 
containing a 3.21d> gene fragment spanning the entire GHl gene under the control of promoter 
haplotype 1 (WT) or the haplotype associated with each variant. The results are expressed as % 
wild-type, n>10, * p<0.05 and *** p<0.001 v^- wild-type. Statistical significance was assessed by 
analysis of variance (ANOVA) with subsequent comparisons using a Student-Newman-Keuls 
multiple comparison test. The activity of the associated promoter haplotype relative to wild-type 
(haplotype 1) is also shown (open columns) for each variant: data derived from Horan et al. (2002). 
ND: not detectable. WT: wild-type. 
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